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PREFACE 
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known  as  "SWANEA"  (Southwest  Asia-Northeast  Africa). 

The  project  would  not  have  been  possible  without  the  dedicated  support  of  the  many  people  and  agencies  we  have 
listed  below  in  the  sincere  hope  we’ve  not  omitted  anyone. 

First,  our  deepest  gratitude  and  appreciation  to  Mr  Walter  S.  Burgmann,  Mr  Wayne  E.  McCollom,  Mr  Ronald  W. 
Coyle,  Mr  William  Reller,  Mr  David  P.  Pigors,  Mrs  Kay  Marshall,  Mrs  Elizabeth  M.  Mefford,  and  Mrs  Su.saii  Keller 
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Thanks  also  to  Mr  Henry  (Mac)  Fountain,  Mr  Vann  Gibbs,  Mr  Dudley  (Lee)  Foster,  and  other  members  of 
Operating  LtKaiion  A  (OL-A),  USAF  Environmental  Technical  Applications  Center,  Asheville,  NC,  (or  (iroviding 
data,  data  summaries,  and  technical  support  that  the  authors  had  previously  thought  impossible. 

Thanks  to  Maj  William  F.  Sjoberg,  Maj  Chttrics  W.  Tuttle  111,  TSgt  Richard  C.  Bonam,  and  SSgt  Gordon  K. 
Hepburn  of  USAFETAC’s  Readiness  Support  Section  (ECR)  for  their  hard  work,  assistance,  guidance,  and 
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Thanks  to  Mr  Robert  Fett  of  the  U.S.  Naval  Environmental  Prediction  Re, search  Facility  and  Lt  Cmdr  Rutsh  (Naval 
Liaison  to  Air  Force  Global  Weather  CentraN-AFGWC)  for  their  assistance  in  providing  .supplemental  data  for  this 
project. 

Thanks  to  Mr  Maurice  Crew  of  the  United  Kingdom  Meteorological  Office  for  providing  copies  of  studies 
unavailable  el.sewhere. 

Thanks  to  Lt  Col  Frank  Globokar,  Lt  Col  John  Erickson,  Maj  Daniel  Ridge,  Maj  Roger  Edson,  and  Capt  Patrick 
Condray,  for  their  cooperation  in  establishing  and  providing  "peer  review"  of  draft  manuscripts. 

The  senior  author  would  like  to  thank  the  anonymous  meteorologists  from  southwest  and  .south  Asia  with  whom  he 
had  many  associations  and  discussions  over  the  past  few  years.  Their  knowledge  shed  considerable  light  on  the 
unique  weather  conditions  in  this  area. 

Finally,  all  the  authors  owe  sincere  gratitude  to  the  Technical  Publications  Editing  Section  of  the  AWS  Technical 
Library  (USAFETAC/LDE)-Mr  George  M.  Horn  and  Sgt  Corinne  M.  Kawa.  Without  their  patience,  cooperation, 
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Chapter  1 

INTRODUCTION 


AREA  OF  INTEREST,  Thi«  ftiudy-ihe  third  of  Tour  Pakinian,  For  thix  niudy,  the  region  known  a>i  the  Near 

volumes  that  cover  the  entire  "SWaNEA”  (Southwest  East  Mountains  has  h^n  divided  into  six  rxmen  of 

Asia-Northeast  Africa)  region  shown  in  Figure  "climatic  commonality”:  the  Indus  River  Valley,  the 

1-1  "describes  the  geography,  climatology  and  Eastern  Mountains,  the  Ontral  Deserts,  the  Western 

meteorology  of  the  Near  East  Mountains,  This  area  Mountains,  the  Caspian  Sea  Plain,  and  the  Black  Sea 

includes  Turkey,  northern  Iraq,  Iran,  Afghanistan,  and  Plain.  These  rxmn  arc  shown  in  Figure  1-2, 


Figure  1-1,  The  Scnithwest  Asia-Northeast  Africa  (SWANEA)  Regirni,  The  shaded  portion 
marks  the  Near  East  Mountains  region. 
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Figure  1-2.  The  Near  East  Mountains  and  their  Six  "Zones  of  Climatic  Commonality."  (1)  The  Indus  River 
Valley,  (2)  Ihe  Fasiern  Mouniains,  (3)  the  Central  Deserts,  (4)  the  Western  Mountains,  (5)  the  Caspian  Sea  Plain, 
and  (6)  the  Black  Sea  Plain. 


(lEOGRAPHY.  The  Near  East  Mountain  region 
extends  across  a  2,300  mile  (3,7(K)  km)  arc  from  Asia 
Minor  to  the  Indian  Subcontinent.  Rugged  mountains 
and  high  plateaus,  many  over  a  mile  (1.6  km)  high, 
dominate  the  region.  Lowland.s,  primarily  on  the  coasts 
of  the  Black  and  Caspian  Seas  and  in  the  Indus  River 
floodplain,  are  confined  to  the  region’s  northern  and 
eastern  borders.  A  line  separating  the  coastal  lowlands 
from  elevations  above  3,280  feet  (1,000  meters)  forms 
the  region’s  western  and  southern  borders  to  Pakistan’s 
Hab  Ri  ^er. 

East  of  the  Hab,  the  Indian  Ocean  defines  the  southern 
border.  The  borders  that  separate  Turkey,  Iran,  and 
Afganistan  from  the  Soviet  Union  forms  the  region’s 
northern  limits.  On  the  east,  the  region  is  bounded  by  the 
India-Pakistani  border.  At  the  time  of  this  writing,  arciis 
of  extreme  northern  Pakistan  and  India  were  in  dispute; 
the  region  defined  here  extends  to  the  current  cease-lire 
line. 


STUDY  CONTENT.  Chapter  2  provides  a  detailed 
discussion  of  the  major  meteorological  controls  that 
affect  the  Near  East  Mountains.  These  range  from  the 
macro.scale  ("semipermanent  climatic  controls")  through 
the  .synoptic  (  "synoptic  disturbances")  to  the  mcsoscale 
("mc.soscale  and  local  leature.s).  Individual  treatments  of 
each  climatic  subregion  in  subsequent  chapters  do  not 
include  repealed  descriptions  of  these  phenomena,  but 
provide  specifics  unique  to  an  individual  subregion  by 
focusing  on  mean  distributions  and  local  anomalies  of 
sky  cover,  visibility,  winds,  precipitation  (inches),  and 
temperature.  Meteorologists  using  this  study  should  read 
and  consider  the  detailed  di.scussions  in  Chapter  2  Ixjfore 
trying  to  understand  or  apply  the  individual  climatic  /.one 
discu-ssions  in  Chapters  3  through  8.  This  is  particularly 
important  because  this  study  was  designed  lirsi  as  a 
master  reference  to  Ihe  entire  Near  East  Mountains 
region,  and  second  as  a  modular  rcicrence  lo  its 
subregions.  Chapters  3-8  discuss  "situation  and  relicl " 
and  "general  weather"  of  each  subregion  by  season. 
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The  Indus  River  Valley  (Chapter  3)  extends  from  67°  to 
75°  E  and  from  24°  to  34°  N.  Monsoonal  circulations 
(Southwest  and  Northeast)  dominate  iLs  weather  and 
climate.  Because  cyclonic  activity  reaches  the  Indus 
River  Valley  during  the  Northeast  Mon.soon,  temperate 
zone  and  tropical  meteorology  for  this  season  are 
di.scu.ssed.  Tropical  meteorology,  however,  controls  this 
subregion  tite  rest  of  the  year. 

The  Eastern  Mountains  (Chapter  4)  lie  between  32°  N, 
61°  E  and  38°  N,  75°  E.  Massive  mountain  ranges,  deep 
elevated  valleys,  and  plateaus  dominate  weather  and 
climate,  which  can  vary  significantly  from  one  valley  or 
ridge  line  to  another.  Precipitation  distributions  arc 
controlled  by  cyclonic  activity,  while  cloudiness 
disu'ibutions  are  affected  by  local  mountain/vallcy 
circulations.  Southwest  Monsoon  circulation  only 
occasionally  produces  heavy  rainfall,  thick  cloudiness, 
and  low  visibility  over  sections  of  the  Eastern 
Mountains;  the  di.scussion  of  this  region  therefore 
mentions  monsoonal  flow  patterns,  but  emphasizes 
"temperate  zone"  meteorology. 

The  Central  Deserts  (Chapter  5)  form  a  vast  plateau 
surrounded  by  massive  mountain  ranges  that  are 
responsible  for  the  subregion’s  aridity.  The  region  lies 
between  50°  and  65°  E  and  between  27°  and  37°  N.  It 
has  only  two  distinct  .seasons:  wet  and  dry.  Transitions 
between  wet  and  dry  seasons  are  so  short  (1-3  weeks) 
that  they  are  not  discus.sed. 

The  Western  Mountains  (Chapter  6)  comprise  three 
large  and  distinctly  different  mountain  complexes  that 
control  weather  and  climate;  the.se  complexes  arc  the 
Anatolian  Plateau,  the  Zagros  Mountains,  and  the 
Northern  Iranian  Mountains  (also  called  the  Elburz,  and 
Turkmen- Khorasan  Ranges).  Each  is  di.scu.ssed  in  detail, 
with  important  differences  highlighted  by  individual 
figures  for  each  climatic  variable.  Chapter  6  deals 
exclusively  with  "temperate  zone"  meteorology  and 
mesoscale  (mounUiin/valley)  circulations. 

The  Caspian  Sea  Plain  (Chapter  7)  is  an  isolated  strip  of 
flat  coastal  plain  that  rims  the  southern  Caspian  Sea. 
This  narrow  subregion  lies  between  36°  and  40°  N  and 
between  49°  and  56°  E. 

The  Black  Sea  Plain  (Chapter  8)  is  another  isolated  strip 
of  flat  coastal  plain  that  rims  the  southern  Black  Sea 
between  40°  and  41°  N  and  between  29°  and  42°  E. 
This  region  is  wedged  between  the  Black  Sea  and  the 
rugged  mountains  of  central  Turkey. 


CLIMATOLOGICAL  REGIMES  Although  the 
climate  of  the  Near  East  Mountains  ranges  from 
monsoonal  to  arctic,  temperate  zone  weather  affects  all 
six  subregions  during  at  least  part  of  the  year.  Tropical 
meteorology  plays  a  major  role  only  in  the  Indus  River 
Valley  and  pans  of  the  Eastern  Mountains  subregions. 
One  tropical  feature,  the  Southwest  Monstxtn,  affects  the 
Central  De.scns  and  the  eastern  portions  of  the  Western 
Mountitins.  Becau.sc  all  six  subregions  .sec  major 
differences  from  the  classic  3-month  "winter- 
.spring-summer-fall"  pattern  of  the  temperate  zones, 
sea.sonal  definitions  are  given  at  the  beginning  of  each 
subregional  discussion. 

CONVENTIONS.  The  spellings  of  cities  and 
geographical  features  tire  those  used  by  the  United  Suites 
Defense  Mapping  and  Aero.spacc  Center  (DMAAC). 
DisUinces  are  in  nautical  miles  (NM)  except  for 
visibilities,  which  are  given  in  statute  miles.  Cloud  bases 
and  ceilings  are  in  feet/meters  above  ground  level 
(AGL)*  but  cloud  tops  arc  above  mean  sea  level  (MSL). 
In  some  mountain  ranges,  bases  may  be  given  in  MSL, 
also.  Elevations  arc  in  feet  with  a  meter  or  kilometer 
(km)  equivalent  immediately  following.  Temperatures 
arc  in  Fahrenheit  (F)  with  a  Celsius  (C)  conversion 
following.  Wind  speeds  are  in  knots  (kt).  Precipitation 
(inches)  amounts  arc  in  inches  with  a  millimeter  (mm) 
conversion  following.  When  synoptic  charts  arc  not 
provided,  only  local  standard  time  (LST)  is  used. 

•NOTE:  The  AGL  cloud  bases  given  in  this  study  are 
generalized  over  large  areas,  and  readers  must  consider 
terrain  before  applying  them.  The  AGL  cloud  bases  arc 
normally  representative  of  valley  reporting  suitions,  but 
not  of  locations  in  surrounding  mountains  where  ceilings 
and  cloud  bases  would  be  lower  and  where,  in  fact,  many 
kx'ations  would  be  obscured. 

DATA  SOURCES.  Most  of  the  information  used  in 
preparing  this  study  came  from  two  sources,  both  within 
the  United  States  Air  Force  Environmental  Technical 
Applications  Center  (USAFETAC).  Studies,  books, 
atlases,  and  so  on  were  supplied,  with  rare  exceptions,  by 
the  Air  Weather  Service  Technical  Library  (AWSTL), 
the  only  dedicated  atmospheric  sciences  library  in  the 
Department  of  Defense  and  the  largest  such  library  in  the 
United  States.  Climatological  data  came  direct  Irom  the 
Air  Weather  Service  Climatie  Database  or  through 
Operating  Location  A,  USAFETAC’--thc  branch  of 
USAFETAC  responsible  for  maintaining  and  managing 
this  database. 
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RELATED  REFERENCES.  This  study,  while  mote 
thm  ordinurily  comprehensive,  is  ceruiniy  not  the  only 
source  of  meteorok^ical  and  climatological  Inrormation 
for  the  military  meteorologist  concerned  with  the  Middle 
East  Peninsula.  The  United  States  Navy  has  published 
several  excellent  studies  for  the  Persian  (Arabian)  Oulf 
and  northern  Indian  Ocean;  these  studies  also  discuss  the 
meteorology  for  southern  portions  of  the  Near  East 
Mountains  region.  USAFETAC’s  Readiness  Support 


Section  (ECR)  occasionally  prepares  special  narrative 
climatologies  for  smaller  areas  or  points  within  this 
region;  contact  ECR  directly  for  information  on  such 
studies.  Station  Climatic  Summar  ies  for  Africa  and  Asia 
provide  summarired  observational  data  for  many  stations 
in  the  Near  East  Mountains.  Staff  weather  officers  and 
forecasters  are  urged  to  contact  the  Air  Weather  Service 
Technical  Library  for  as  much  data  on  the  region  as  is 
currently  available. 
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Chapter  2 

MAJOR  METEOROLOGICAL  FEATURES  OF  THE  NEAR  EAST  MOUNTAINS 

The  "major  meteorological  features"  of  the  Near  East  Mountains  arc  listed  below  as  they  appear  and  arc  described  in 
this  chapter.  Thc.se  features  generally  affect  the  weather  and  climate  of  the  Near  East  Mountains  the  year-round; 
because  of  the  study  area’s  si/c,  however,  .some  features  may  not  affect  all  six  subregions.  The.se  large-scale 
features  may  be  di.scussed  further  in  subsequent  chapters  as  they  relate  to  an  individual  subregion. 
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SEMIPERMANENT  CLIMATIC  CONTROLS 


SKA  SURFACE  TEMPERATURES  (SSTs). 
Although  not  much  of  the  Near  East  Mountains  region  is 
coastal,  the  five  large  bodies  of  water  on  its  periphery 
contribute  to  its  weather  and  climate.  The  water  bodies 
to  be  discussed  here  arc  the  eastern  Mediterranean  and 
Aegean  Seas,  the  Black  Sea,  the  Caspian  Sea,  and  the 
North  Indian  Ocean. 

The  Mediterranean  and  Aegean  Seas  control  climate 
over  the  Anatolian  Plateau  indirectly  by  providing 
moisture  and  energy  for  systems  moving  as  far  cast  as 
Central  Iran  and  the  Persian  Gulf.  Although  their 
coastlines  are  not  in  the  Near  East  Mountain  region,  the 
proximity  of  their  warm  waters  results  in  mild  winters 
and  cix)l  summers  within  the  marine  boundary  layer. 
The  annual  SST  range  is  49-82'"  F  (9-28'"  C).  The 
.southern  and  eastern  portions  arc  warmest,  and  the 
Aegean  Sea  is  always  coolest. 


SSTs  in  the  Aegean  (49-59'"  FA9-15'"  C)  and 
Mediterranean  (59-65'"  F/I5-I8'"  C)  Seas  arc  lowest  in 
January  due  to  the  prc.scncc  of  polar  continental  air 
mas.ses  and  subsurface  mixing.  In  spring  and  summer, 
wanner  SSTs  moderate  jxjlar  air  masses  that  cross  the 
region.  By  July,  SSTs  peak  throughout  the  basin;  eastern 
Mediterranean  coastal  waters  are  at  78-82'"  F  (26-28'"  C). 
Fall  SSTs  Slay  high  in  the  Mediterranean  Sea,  dropping 
faster  in  the  Aegean. 

The  Black  Sea  inllucnces  the  Black  Sea  Plain  directly, 
with  an  indirect  effect  on  the  Anatolian  Plateau.  The 
relatively  warm  waters  result  in  mild  winters  and  cool 
summers  within  the  marine  boundiu-y  layer.  The  annual 
SST  range  is  from  .32  to  76'"  F  (0-24'"  C).  The  southern 
and  eastern  portions  :ire  normally  wmnest.  Mean 
monthly  SSTs  for  the  lour  seasons  are  shown  in  Figures 
2-la-d. 


Figure  2-)a.  Mean  January  Sea  Surface  Temperatures  (F)  in  the  Black  Sea.  Januiny  SSTs  show 
the  strong  inlluence  of  polar  (and  occasionally,  arctic)  air  that  reaches  the  Black  Sea,  As  might  be 
expected,  the  southern  coast  is  warmest.  Deeper  waters  in  the  eastern  end  reduce  cooling. 
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Figure  2-Ib.  Mean  April  Sea  Surface  Temperatures  (F)  in  the  Black  Sea.  April  SSTs 
show  significant  warming  along  the  southern  shore  of  the  Black  Sea,  but  only  slight  warming 
along  northern  coasts.  Warmer  water  surfaces  moderate  polar  air  masses  descending  into  the 
region. 


Figure  2-lc.  Mean  July  Sea  Surface  Temperatures  (F)  in  the  Black  Sea.  By  July,  SSTs 
peak  throughout  the  Black  Sea;  the  warmest  water  is  along  the  eastern  coastline  (74-76° 
F/23-24°  C). 
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Figure  2-Id.  Mean  October  Sea  Surface  Temperatures  (F)  in  the  Black  Sea.  Fall  SSTs  arc 
9-12°  F  (5-7°  C)  lower  (64-66°  F/18-19°  C)  than  in  the  central  Mediterranean.  Coolest  waters 
are  along  northern  shores. 


The  Caspian  Sea  is  an  area  of  winter  cyclogencsis. 
Heat  and  moisture  are  added  to  the  boundary  layer  of  air 
masses  advecting  into  the  region  or  to  foehn  winds 
blowing  off  the  Caucasus  or  the  Elburz,  onto  the  Caspian 
Sea.  The  end  result  is  routine  cyclogencsis  on  the 
trailing  end  of  cold  fronts  moving  eastward  through 
Soviet  Central  Asia.  Only  the  northern  two-thirds  of  the 
Caspian  Sea  (the  area  north  of  an  east-west  line  drawn 
from  Baku,  on  the  western  shore)  is  shallow  enough  to 
ice  over;  by  mid-December,  most  of  it  is  frozen.  South 
of  this  imaginary  line,  however,  depths  exceed  3,(KX)  feet 
(915  meters)  and  the  surlace  does  not  freeze. 

Most  clouds  and  precipitation  that  affect  the  Iranian 
Ca.spian  Sea  coast  occur  after  the  cold  front  passes.  The 
flow  becomes  strong  northerly  or  northeasterly  and 
orographic  effects  cause  extensive  cloud  layers  and 
heavy  precipitation.  Once  the  upper-level  trough  moves 
through,  upper-level  ridging  creates  subsidence  that  caps 
any  development.  Low-level  winds  no  longer  have  an 
overwater  fetch,  and  the  clouds  and  precipitation  end 
until  the  next  system  enters  the  Caspian  Sea. 

The  North  Indian  Ocean,  a  moisture  source  during  the 
Southwest  Monsoon  season,  primarily  affects  the 


Makran  Coastal  Range.  The  Persian  Gulf  is  a  moisture 
source  for  cyclonic  activity  during  the  Northeast 
Monsoon;  it  primarily  affects  the  Zagros  Mounuiins. 
The  marine  boundary  layer  (where  relative  humidities 
average  40%)  rarely  extends  more  than  20  NM  inland  or 
above  .3,(KK)  feet  (915  meters)  MSL.  Coastal  areas  have 
a  small  diurnal  temperature  range  (10-20°  F/5-10°  C), 
but  outside  the  boundary  layer’s  inlluencc  the  range  is 
hirger  (20-.35°  F/l0-20°  C).  SSTs  along  the  Pakistan 
coast  (the  Indus  River  Valley  subregion)  vary  little 
throughout  the  year,  ranging  from  73°  F  (22°  C)  in 
January  to  80°  F  (27°  C)  during  most  of  the  rest  of  the 
year. 

THF  AZORKS  HIGH  is  part  of  the  global  subtropical 
circulation  pattern.  This  semiitcrmanent  high  pressure 
cell’s  center  varies  from  29°  N,  29°  W  in  January  to 
about  37°  N,  37°  W  in  July.  Mean  sea  level  pressure 
varies  from  1021  mb  in  January  to  1025  mb  in  July.  The 
•Azores  High’s  inllucnce  on  •he  Mediterranean  Sea  is 
strong  from  May  to  October,  when  it  produces  northerly 
and  northwesterly  winds  over  the  Western  Mountains 
(the  Anatolian  Plateau)  and  the  Central  Desert 
subregions.  It  is  weak  from  November  to  April. 
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Figure  2-2a.  Mean  January  PosNinn  of  the  Azores  High.  From  December  to  February,  the  Azores  High  extends 
eastward  over  the  western  Sahara  anJI  couples  with  a  secondary  high  pressure  cell  (the  Saharan  High)  to  form  a  wettk 
high-pressure  ridge  over  north  Africa.  This  supports  a  Mediterranean  storm  track  that  directly  affects  most  of  the 
region.  If  the  Azo.es  High  ridges  northward  over  the  coastal  waters  of  western  Europe  in  winter  and  early  spring,  a 
bltKking  pattern  may  be  established.  This  pattern  can  let  the  Polar  Jet  slide  south  or  southeast  along  the  north  and 
ca,st  side  of  the  Azorc.s  High  into  the  north-central  Sahara.  The  southward  displacement  produces  cold  weather 
outbicaks  and  .severe  duststorms  in  the  eastern  Metliterranean  Basin  and  eastward.  The  Near  East  Mountains 
subregions  t  (feclcd  are  the  Western  Mountains,  Central  Deserts,  Eastern  Mountains,  and  the  Indus  River  Valley. 
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Figure  2-2b.  Mean  April  Position  of  the  Azores  High.  From  March  to  May,  the  Azores  High  moves  slowly 
west-northwest  to  near  .10”  N,  .12”  W.  This  westerly  spring  migration  away  from  the  African  continent  weakens  ihe 
moan  high-pressure  ridge  over  north  Africa.  C  yclonic  activity  dips  southward  over  the  western  Mediterranean  .Sea 
and  Atlas  Mountains.  The  eastward  track  of  these  depressions  affects  all  the  Near  Fast  Mountains  region  except  lor 
the  Caspian  Sea  Plain. 


Figure  2-2c.  Mean  JnBy  Position  of  the  A/.<»res  High.  From  June  to  September,  the  Azores  High’s  mean  ceniriil 
pressure  (at  37°  N,  37°  W)  strengthens  to  1025  mb.  It  can  effectively  bkKk  any  significant  cyclonic  activity  into  the 
region.  When  the  ridge  is  weak  and  low  pressure  off  Iceland  is  strong,  cyclonic  activity  can  penetrate  southward. 
Once  every  5  to  7  years,  the  winter  storm  track  remains  active  across  the  Mediterranean  Sea  eastward  into  Iraq  and 
central  Iran.  The  prevailing  mid-level  winds  (WNW  to  NW)  over  the  region  become  moderate  with  the  strong 
mid-and  upper-level  troughs  causing  significant  convective  weather. 


Figure  2-2d.  Mean  October  Position  of  the  Azores  High.  In  October  and  November,  (he  Azores  High  weakens 
and  moves  to  a  mean  position  of  35°  N,  30"  W.  Depressions  and  frontal  systems  again  track  far  enotigh  south  to 
affect  the  central  and  northern  portions  of  the  region. 


THE  MONSOON  CLIMATE.  The  term  "monsoon"  is 
generally  applied  lo  areas  where  there  is  a  seasonal 
reversal  of  the  prevailing  surface  winds,  The  generally 
accepted  definition  of  a  "monsoon"  climate  incorporates 
the  following  criteria  (after  Ramagc,  1971): 

•Prevailing  sc^asonal  wind  directions  between 
summer  and  winter  must  change  by  at  least  120 
degrees; 

•Both  summer  and  winter  mcjrn  wind  speeds  must 
equal  or  exceed  10  knots  {5  meters/stc); 


•Wind  directions  and  speeds  must  exhibit  high 
degrees  of  steadiness;  and 

•No  more  than  one  cyclonc/anlicyclonc  couplet 
occurs  during  January  or  July  in  any  2-year  period 
within  any  5  degree  grid  square. 

Figure  2-3  shows  the  northern  limit  of  mon.soon 
climate  (dark  line)  throughout  the  Near  East  Mountains 
(shaded).  Note  that  the  Indus  River  Valley,  the  Central 
Desert,  and  the  Eastern  Mountains  (Pakistan, 
Afghanisum,  and  eastern  Iran)  are  the  subregions  aflectcd 
by  the  monsoon  climate. 


Figure  2-3.  The  Monsoon  Climate  with  Respect  to  the  Near  East  Mountains.  The  dark 
line  shows  the  northernmost  limit  of  mon.soon  conditions  according  to  Ramagc  (1971). 


THE  SOUTHWEST  MONSOON  is  at  full  strength 
between  June  and  September.  Rainfall  over 
northwestern  India  begins  in  late  May  or  early  June  and 
ends  in  early  to  mid-September.  Several  features 
maintain,  control,  and  regulate  the  low-,  mid-,  and 
upper-level  mon.soon  circulation.  Differential  heating, 
Coriolis  Force,  and  condcnsalion/cvaporalion  of  water 
vapor  trigger  the  monsexm.  Figure  2-3  shows  the 


Southwest  Monsoon  circulation  with  respect  to  the 
region.  Figure  2-4  is  a  three  dimensional  view  of  the 
low-  (dark  pr)rlion  of  the  arrow),  mid-  (hatched  portion 
of  the  arrow),  and  upper-level  (unshaded  portion  ol  the 
aiTow)  Southwest  Monsoon  circulation  and  several  of  its 
imporuint  features.  The  components  ol  this  circulation 
that  affect  the  Near  East  Mountains  are  discussed  later. 
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'I'hermnl  Troiiph.  A  biond-scale,  low-lcvcl  thennul 
trough  lies  over  northwestern  India,  southern  Pukisuin, 
Iran,  Saudi  Arabia,  and  the  Sahara  Desert  between  May 
and  early  Octolrcr  (Figure  2-b).  Its  primary  pressure 
center  is  the  Pakisutni  Heat  Low,  which  anchors  the 


eastern  end  of  the  trough  from  India  to  the  Sahara  Desert. 
The  low  is  normally  cloud-lrcc.  Ccnual  pressure 
averages  992-996  mb  by  late  June.  Separate  .secondary 
lows  form  over  the  de.scrts  of  .southwestern  Alghanislan 
and  southeastern  Iran. 


Figure  2-6.  The  Pakistani  Heat  Low.  This  low  is  a.s,sociatc(l  with  a  large-scale  thermal  low-pressure  trough 
(shaded)  over  the  S WANEA  region  during  northern  hemi.sphcrc  summer. 


Thermal  lows  over  Afghanistan  and  Iran  normally 
have  little  effect  on  the  region’s  weather  because  they 
have  no  immediate  moisture  sources.  The  Pakistani  Heat 
Low  usually  breaks  down  in  October  as  .solar  insolation 
decrcrt.ses  and  the  Asiatic  High  becomes  established  over 
south-central  Asia. 

Tibetan  200-nib  Anticyclone.  This  semipermanent 
upper-air  cell  acts  not  only  as  an  upper-level  heat  source, 
but  as  an  outllow  mechanism  for  sustaining  surface 
Mon.soon  Trough  convection  between  May  and  October 
l..atent  heat  of  condensation  from  widespread  convection 
over  Burma  warms  the  troposphere  and  starts  forming 
the  anticyclone  in  late  April  and  early  May  (sec  Figure 
2-7a).  SU'ong  surface  heating  on  the  Tibcutn  Plateau 
(mean  elevation  about  500  mb)  shifts  this  massive 
upper-level  high  to  Tibet  in  late  May  to  June.  The  mean 
July  200-mb  flow  pattern  over  south-central  Asia  (Figure 


2-7b)  shows  the  large-scale  anticyclone  anchored  over 
the  Tibetan  Plateau.  Abnormally  strong  upper-level 
troughs  may  cau.se  the  cell  to  disappear  temporarily. 

Satellite  research  show.s  the  Tibetan  Plateau  to  be 
snow-free  80%  of  the  time  during  the  early  months  of  the 
Southwest  Monsoon.  But  by  August,  moderate  snow 
cover  prrxiuced  by  Southwest  Monsoon  convection 
begins  to  lower  surface  temperatures  and  increase  surface 
albedo.  Heat  energy  that  would  normally  have  been  used 
for  surface  heating  is  now  used  to  melt  the  snowfall  and 
evaporate  the  runoff.  Surface  temperatures  are  affected 
immediately,  but  cooling  aloft  is  gradual.  Typically,  it 
lakes  I  to  2  months  for  surface  changes  to  affect  upper 
levels.  The  upper-level  anticyclone  weakens  by  October 
as  the  surface  trigger  is  eliminated  and  upper-level 
westerlies  move  southward  over  the  Plateau. 
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Figure  2-7a.  Mean  May  200-nib  Flow  Pattern  Over  the  North  Indian  Ocean  and  Arabian  Sea, 
Showing  the  Tibetan  200-nib  Anticyclone  (A).  Heavy  convection  is  believed  to  initiate  the 
anticyclone  and  set  up  the  Southwest  Monsoon’s  upper-level  How  pattern  over  the  western  Indian 
Ocean.  The  dashed  lines  are  isotachs  (kts). 


Figure  2-7b.  Mean  .July  200-nib  Flow  Pattern  Over  the  North  Indian  Ocean  and  Arabian  Sea, 
Showing  the  Tibetan  200-mb  Anticyclone  (A).  The  dashed  lines  arc  isotachs  (kts). 


Tropical  Easterly  Jet  Stream  (TEJ).  Found  only  in  and  18°  N  from  May  through  October.  The  TEJ  is 

summer,  the  TEJ  provides  an  outflow  mechanism  along  generally  found  between  100  and  2(K)  mb.  Its  meiin  wind 

the  southern  edge  of  the  Tibetan  2(X)-mb  circulation  that  .speeds  average  .SO-W)  knots,  but  l(K)  knots  arc  not 

sustains  Southwest  Monsoon  convection.  Its  mean  uncommon.  Sec  Figure  2-8  for  the  mean  July  position  of 

position  is  at  about  1 1  °  N,  but  it  oscillates  between  7°  N  the  TEJ. 
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Figure  2-8.  Mean  July  200-mb  Zonal  Flow  Showing  Tropical  Easterly  Jet  (TEJ).  The  dark  arrow  is  the  TEJ. 
The  stippled  area  represents  easterly  flow.  The  dashed  lines  are  easterly  flow  isotachs  (kts),  and  the  solid  lines  are 
westerly  flow  isotachs. 


The  "Onset  Vortex"  is  a  cyclone  a.ssociatcd  with  the 
arrival  of  Southwest  Monsoon  flow  over  the  Indian 
Ocean-Arabian  Sea  area.  They  normally  develop 
between  mid-May  and  mid-June  in  the  eastern  Arabian 
Sea  or  Bay  of  Bengal.  They  resemble,  and  can  become, 
tropical  cyclones  or  hurricanes.  The  disturbances  are  2(K) 
to  500  NM  in  diameter  with  a  lifespan  of  3  to  10  days. 
Surface  winds  near  their  centers  reach  50  knots  or  more. 
Formation  occurs  at  mid-tropo.sphcric  levels  (usually  7(K) 
mb);  there  is  subsequent  intensification  down  to  850  mb 
with  strong  low-level  convergence.  Su-ong  westerlies 


produced  by  the  low-level  Somali  Jet  develop  before  the 
onset  vortex. 

Figures  2-9a-c  show  850-mb  flow  before  (2-9a), 
during  (2-9b),  and  after  (2-9c)  a  1979  onset  vortex. 
Researchers  differ  on  the  relationship  between  an  onset 
vortex  and  the  Southwest  Monsoon.  Some  believe  the 
vortex  is  a  trigger  for  the  Southwest  Monsoon,  while 
others  think  it  forms  in  response  to  the  Southwest 
Mon.soon’s  move  toward  the  Asian  landmass. 
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TIIK  NORTHKAST  MONSOON--!  UK  ASIATIC 
IIKill.  I'hc  Norlhcusl  Monsoon  develops  in  October 
and  lasts  through  April.  Oulllow  Iroin  the  Asiatic  High 
prtKiuces  the  low-level  inon.soonal  How  and  primarily 
allccts  the  eastern  portion  of  the  region.  The  Indus  River 
Valley,  however,  is  the  only  subregion  actually  subject  to 
a  Northeast  Monstxtn  .season;  it  lasts  there  from 
December  to  March.  The  Asiatic  High  is  a  strong  and 
very  shallow  .semipermanent  high  pressure  tell  that 


dominates  much  of  the  Asian  continent.  Radiational 
ctxtiing  is  the  primary  mechanism  for  its  formation  and 
intensification.  Centered  over  western  Mongolia,  its 
mean  central  pressure  is  strongest  (lt),T‘)  mb)  in  January 
and  f'chruary.  Its  vertical  extent  rarely  exceeds  8.‘)()  mb. 
Migratory  Arctic  air  mas.scs  moving  southward  into 
central  Asia  temporarily  reinforce  and  intensify  the 
Asiatic  Higli. 


Figure  2-lOa.  Mean  October  Surface  Position  of  the  Asiatic  High.  Mean  central  pressure  (1023  mb)  is  near  48° 
N,  90°  E;  in  November,  it  strengthens  to  1031  mb.  Note  that  the  Ptikislani  Heat  Low  (iOlO  mb)  and  themial 
trough  (shaded)  are  still  present  in  October;  however,  they  weaken  and  disappear  by  the  end  of  November. 
Low-level  northerly  and  northeasterly  flow  penetrates  intermittently  into  Iran,  Afghanistan,  Iraq,  and  Turkey,  On 
rare  occasions,  this  cold  air  even  peneuates  into  the  Indus  River  Valley.  Radiational  cooling  strengthens  the  Asiatic 
High  over  south-central  Asia.  This  is  normally  the  beginning  of  the  transition  from  Southwest  to  Northea-i 
Mon.srxm. 
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Figure  2-lOb.  Mean  January  Surface  Position  of  the  Asiatic  High.  The  Asiatic  High  is  shown  at  mean  peak 
strength  (1035  tnb)  near  49°  N,  97°  E.  The  maximum  low-level  northeasterly  How  is  in  January  and  February 
l)ecause  south  central  Asia  is  coldest  at  this  time.  The  Asiatic  High  may  exceed  1050  mb  for  1-3  day  periods;  the 
highest  recorded  surface  pressure  is  1083  mb.  Strong  highs  can  bring  northeasterly  flow  into  the  region  despite  the 
mountains  that  block  its  path.  In  March,  the  cell  migrates  northward  and  weakens.  The  mean  March  position  is  53° 
N,  94°  E  with  a  mean  central  pressure  of  1029  mb.  Northerly  and  northeasterly  flow  over  the  region  weakens. 
Initially,  the  Northeast  Monsoon  retreats  along  the  equator.  By  the  end  of  March,  northcasterlics  only  penetrate 
.south  to  10-11°  N. 


Figure  2-IOc.  Mean  April  Surface  Position  of  the  Asiatic  High.  The  developing  thermal  trough  is  shaded. 
Inerea.sing  radiation  weakens  mean  central  pressure  to  1022  mb.  The  broatl-scale  thermal  trough  reappears  over 
India,  Saudi  Arabia,  and  northeastern  Sudan.  Northeasterlies  disappear  throughout  the  region  as  the  transition 
begins. 


MID-  AND  LIPPER-LKVKL  FLOW  PATTERNS,  oscillates  from  6°  N  in  January  (Figure  2-1 1 c)  to  24-27° 

Figures  2-1 1  through  2-14  show  January,  April,  July,  and  N  in  July  (Figure  2-l.Jc).  This  oscillation  provides  the 

October  streamline  flow  at  S.M),  700,  500,  300,  and  200  region  with  alternating  periods  of  westerly  and  easterly 

millibars  over  the  entire  SWANEA  study  area.  up|x;r-level  flow.  Upper-level  westerly  flow  occurs 

Streamlines  at  the  850-mb  level  are  broken  up  in  higher  throughout  the  year  north  of  30°  N.  Upper-level 

terrain.  easterlies  may  temporarily  develop  during  the  summer 

over  this  region  in  tonjunction  with  the  Southwest 
THE  SUHTROPICAL  R1D(JE.  This  upper-level  Monsoon.  April  and  October  positions  of  the 
feature  is  seen  on  200-mb  charts  as  an  anticyclonic  ridge  Subtropical  Ridge  can  be  inferred  from  Figures  2-l2e 

that  divides  upper-level  westerly  and  easterly  llow'.  It  and2-14e. 
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Figure  2-1 2a.  Mean  April  Uppei  Air  Flow  Pattern,  850  ml). 
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Figure  2-12c.  Mean  April  Upper-Air  Flow  Pallern,  500  mb. 
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Figure  2-12e.  Mean  April  Upper-Air  Flow  Pattern,  200  mb. 


Figure  2-131).  Mean  .luly  Upper-Air  FImv  Pattern,  700  ml). 
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Figure  2-14b.  Mean  October  Upper-Air  Fiow  Pattern,  700  mb. 


X 

Fijjure  2-l4e.  Mean  October  Upper-Air  Fl<m  Pattern,  2(10  ml). 


SYNOPTIC  DISTURBANCES 


JET  STREAMS.  The  Polar  Jet  (PJ)  controls  cold-air 
advection  and  mid-level  steering  for  developing 
Mediterranean  cyclones,  while  the  Subtropical  Jet  (STJ) 


provides  upper-level  steering,  shear,  and  outflow.  Figure 
2-15  shows  the  mean  positions  of  the  PJ  and  STJ  in 
January  and  July. 


Figure  2-15.  Mean  January  and  July  Positions  of  the  Polar  Jet  (PJ)  and  the  Subtropical  Jet  (STJ). 


The  PJ’s  mean  monthly  position  over  Europe  rangc.s 
from  55  to  65°  N.  Mean  daily  PJ  positions  vary  north  to 
south  by  l()-3(X)  NM.  Maximum  wind  .speeds  occur  in 
December  through  March,  varying  from  60  to  160  knots 
near  30,000  feet  (9,146  meters)  MSL.  Southward 
movement  to  between  30  and  45°  N  is  most  frequent 
between  December  and  March,  but  can,  on  rare 
occasions,  temporarily  enter  the  eastern  Sahara  Desert  or 
northern  Middle  East  Peninsula  as  late  as  June. 


The  STJ  shows  more  seasonal  and  less  daily 
vijriability  than  the  PJ.  Mean  STJ  positions  over  the 
subtropics  range  from  25  to  45°  N.  Maximum 
December- April  wind  speeds  average  80  to  180  knots  at 
a  mean  height  ol  39,0()()  feet  (I2,()(K)  meters  MSL)  near 
200  mbs.  May-November  wind  speeds  only  average 
30-60  knots.  The  STJ  is  weakest  (30  knots)  in  July  and 
August. 
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Fijiure  2-16.  Vertical  Cross-Section  Aloni>  45°  F'  On  5  January  1978  (OOOOZ).  The  "Y  ”  axis  is  in  millibars, 
while  the  "X"  axis  is  a  north-south  cross-section  with  siation  identification  codes  (5-digil  code  number)  and  latitudes 
given.  I.sotachs  (solid  lines)  depict  wind  speed  in  knots;  i.sothcrms  (dashed  lines)  depict  tem|x;ratures  alolt  (F). 
There  are  two  cores-one  near  3 1  °  N  at  150  mb  (mean  core  speed  2(K)  knots),  the  other  near  23°  N  at  220  mb  (mean 
core  speed  160  knots).  Two-core  development  of  the  STJ  is  po.ssible  in  December  and  January. 


The  greatest  effects  of  either  jet  are  seen  between 
December  and  April  when  cyclogenesis  is  most  common. 
Surface  lows  develop  in  the  Mediterranean  when  a  strong 
PJ  digs  south  of  30°  N  and  forms  a  deep  u|)pcr-lcvel 
trough.  Northerly  flow  often  develops  on  the  cast  side  of 
a  blocking  surface  high-pressure  ridge  over  the  eastern 
Atlantic  Ocean.  The  preferred  area  of  low-pressure 
center  intensification  is  under  the  .soudieast  quadrant  of 
the  upper-level  trough.  The  low  often  deepens  in  the 
area  between  the  two  Jet  streams.  Jet  stream  interaction 
most  frequently  occurs  with  Atlas  surface  low  formations 
Ixeause  they  develop  between  25  and  30°  N--closc  to  the 


mean  position  of  the  STJ.  Surface  lows  developing  in 
the  eastern  Mediterranean  Sea  and  moving 
east-southeastward  tnay  also  be  affected  by  jet  stream 
interaction.  Figures  2- 1 7a  and  b  illustrate  generalized 
PJ/STJ  interaction  and  low-pressure  intensification  areas 
for  Allas  and  Cyprus  Lows. 


Figure  2-18  gives  analyzed  data  for  mean  January 
wind  .speeds  across  the  region.  Note  that  the  STJ  ridges 
acro.ss  the  Near  East  Mountains  region,  providing 


uppc'r-level  divergence. 
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Figure  2-17a.  An  Fxample  of  Jet  Positions  During  Figure  2-I7b.  An  Example  of  Jet  Positions  During 

Formatinn  of  an  Atlas  Low.  Surface  low  forinalion  Formation  of  a  Cyprus  Low.  Surface  low  formalion 

and  inlensilicalion  area  is  denoted  by  the  circled  X.  and  intensification  area  is  denoted  by  the  circled  X. 


STORM  TRACKS.  Figure  2- 19a  shows  typical 
Deccmbcr-Februai  y  storm  (racks  that  affect  the  Near 
F.ast  Mountains:  Figure  2- 19b  shows  March-May  tracks, 
and  Figure  2- 19c  shows  November’s.  Mid-latitude 
storms  from  June  to  October  are  very  rare;  an  intense 
upper-level  trough,  however,  can  cause  abnormal  rainfall 
over  Turkey  and  northern  Iran  in  isolated  cases. 


Figure  2- 19a.  Primary  (short,  solid  arrow)  and 
Secondary  (dashed  arrow)  Mid-Latitude  Storm 
Tracks,  December,  January,  and  February.  The 
primary  track  pas.ses  through  the  eastern  Mediterranean 
Sea  basin.  Secondary  tracks  reflect  surface  cyclogenesis 
as.sociatcd  with  Cyprus  Lows  and  uoughs  with  southern 
European  cold  fronts.  This  is  particularly  true  for  storm 
tracks  that  run  through  the  Persian  Gulf  ("A")  and  the 
Fertile  Crescent  ("B"). 


Figure  2-19b.  Primary  (short,  .solid  urnwv)  and 
Secondary  (dashed  arrow)  Mid-Latitude  Storm 
Tracks,  March,  April,  and  May.  The  "X"  identifies  the 
important  northern  Sahara  Desert  stonn  track  that  can 
affect  southern  Iran.  Cyclogencsis  over  the  northwest 
Black  Sea  can  bring  a  weak  cold  front  across  the  region. 
Lecside  troughing  along  the  Atlas  Mountains  initiates 
Allas  Low  cyclogencsis  inland  over  northwest  Africa. 
The  Atlas  Low  track  produces  mid-latitude,  frontal-type 
weather  in  the  region  in  April  and  early  May.  Several 
secondary  surface  low  storm  tracks  may  occur  during 
this  period. 


Figure  2-19c.  Primary  (.solid  arrow)  and  Secondary 
(da.shed  arrow)  Mid-Latitude  Storm  Tracks, 
November.  The  mean  November  storm  tracks  shown 
here  normally  originate  in  the  Mediterranean  Basin  and 
move  east  toward  the  Near  East  Mountains.  Lows 
develop  in  response  to  the  southward  movement  of  the 
Polar  Jet. 
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CYCLONIC  ACTIVITY.  Five  cyclogcncsis  areas  Iraq.  Iran,  Alghanislan,  and  even  Pakisuin  bclween  laic 
affccl  the  Near  East  Mountains;  Iheir  locations  and  November  and  April, 
movement  arc  shown  in  Figure  2-20.  Fronts  move  into 


Figure  2-20.  IMId-Lafitude  Cyclogenesis  Regions.  The  live  primary  /.ones  or  cyclogcncsis  arc  (1)  the  Allas 
Mountains,  (2)  the  Eastern  Medilerrancitn,  (3)  the  western  Black  Sea,  (4)  the  .southern  Caspian  Sea,  and  (.“i)  the 
Western  Mediterranean. 


Synoptic  considerations  determine  the  specific  area 
lor  initial  low  formation  and  movement.  Resulting 
weather  varies  greatly  with  each  frontal  passage.  Surface 
pressure  patterns,  shortwave  troughs,  vorticily  adveclion, 
and  jet  stream  positions  help  to  determine  the  severity  of 
a  system.  Low-pressure  systems  and  surface  cold  fronts 
affect  the  region’s  weather  between  late  OcUrber  and 
April.  Systems  reaching  Iran,  Afghanistan,  and  Pakistan 
arc  called  "Western  Disturbances"  by  mrrsl  South  Asian 
meteorologists. 

Cyprus  Lows  and  Allas  Lows  may  extend  cold  fronts 
into  Iraq  and  Iran;  however,  very  deep  low-pressure 


.systems  with  upper-level  support  arc  necessary  to 
develop  a  secondary  low  and  bring  heavy  showers  and 
thundershowers  to  Afghanistan  and  Pakistan.  These 
sccondLU-y  lows  typically  form  to  the  north  of  Turkey  and 
Iran  ove.  the  Black  and  Caspian  Seas,  and  U)  the  .south 
over  the  Persian  Ciulf  and  the  extreme  northern  Arabian 
.Sea. 

True  frontal  passages  ihrough  Alghanislan  arc  almost 
unknown  bceanse  ol  the  high  mountain  ranges.  Cold  air 
from  Central  Asia  filters  ihrough  the  tnountains  of 
AfghanisUin  behind  ilepressions  to  the  south,  as  showti  in 
Figure  2-21, 
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Figure  2-21.  IVIediterranean-(Jenerated  Cyclone  Crossing  Near  Kasl  Mountains.  The  fl'yprus  Low  developed 
along  a  cold  front  (not  shown)  that  extended  (rom  southern  Europe.  The  solid  arrow  shows  the  path  ol  the  southern 
Europettn  cold  front,  while  the  dashed  anow  represents  Cyprus  Low  movement. 


From  late  October  to  April,  frequent  frontal  systems 
affect  northern  Turkey,  the  northern  third  of  Iran,  and 
northern  Afghanistan.  The  most  severe  and  widespread 
conditions  are  with  .secondary  lows  forming  in  the  Black 
and  Ca.spian  Seas.  Significant  weather  south  of  this  axis 
normally  occurs  three  to  five  times  a  month  Irom  late 
November  through  mid-April.  Extremely  strong 
upper-air  troughs  can  bring  anomalous  conditions  south 
into  the  Northern  Arabian  Sea. 

The  Allas  l.uw  From  March  to  April,  Atlas  l.ows  form 
southeast  of  llic  Atlas  Mountains  in  the  north- central 
interior  of  Algeria.  They  may  also  form  from  Octolx;r  to 
early  December  near  30°  N,  2°  E.  Ihe  Polar  and 
SMbtropical  Jels  are  im|H)rtant  in  providing  upper-lev  1 
support  to  these  systems,  which  form  when  a  minor 
upper-level  trough,  oriented  NF-SW  over  Spain,  is 
positioned  over  a  surface  low  moving  southeastward 
across  Europe,  rhesc  conditions  (Kcur  in  March  and 


April  when  the  Azores  High  moves  northw'cst,  resulting 
in  a  shift  in  mean  mid-level  How  from  zonal  to 
meridional.  Northerly  How  favors  a  southward 
movement  of  European  disturbances  along  the  PriUu"  Jet. 

The  PJ  often  digs  along  the.  backside  of  the  .‘5()()-mb 
trough  to  produce  uplift  along  the  Atlas  Mountiiins. 
Mid-level  cold  air  ami  moisture  crosses  the  Allas  range 
as  a  cold  core,  cut  off  low  or  shortwave.  If  northerly 
flow  persists  for  more  than  ,3  days  and  intense  |X)lar  air 
surges  .south  of  30°  N,  the  PJ  and  the  mean  Allas  l.ow 
stonn  track  shill  southward  into  the  north-central  .Sahara. 
These  storms  move  due  east  across  the  northern  Sahara 
and  into  the  central  Red  Sea.  With  upper-level  support, 
Ihe  surface  low  crosses  ceiilral  Saudi  Arabia  into  the  Clull 
of  Oman,  and  finally  enters  southern  Pakistan.  Some 
lows  track  northeast  into  Ihe  southwestern  Zagros 
mountains  ol  Iran.  Figure  2-22  shows  a  secondary  low 
mo.ing  across  Saudi  Arabia. 


Figure  2-22.  .Synoptic  Surface  Chart  (17  April  1964,  1200Z/1500  LST)  Showing 
Secondary  Low  Formation  Along  the  Active  f^old  Front.  Note  ihe  strong  pressure  gradient 
across  Iran  with  easterly  winds.  Moist  air  from  the  Arabian  Sea  is  forced  up  over  the  front  into 
liie  .southern  portions  of  tlie  region. 


Strong  pressure  gradients  along  the  frontal  boundary  along  the  polar-subuopical  jet  axes  (WSW  zonal  flow). 

incrca.se  the  wann  and  dry  southeasterly  Sahara  surface  A  well-defined  cold  front  that  remains  intact  and  moves 

(low  ahead  of  the  developing  Atlas  Low.  Without  into  southeastern  Egypt  at  22-25°  N  may  also  develop  a 

sustained  northerly  (low,  Atlas  l.ows  move  secondary  surface  low  along  the  surface  cold  front, 

norihcaslward  over  the  south-central  Mediterranean 


The  Cyprus  I,ow  generally  moves  casl-soiUhcasi  across 
Iraq  and  norlhem  Saudi  Arabia;  il  can  move  ihiougli  the 
Persian  Gull  into  the  northern  Arabian  Sea,  Between  laic 
Novcnilx'.r  and  laic  March,  secondary  lows  lorming  on 
such  systems  in  the  extreme  southern  Persian  Gulf  or  the 
Gull  of  Oman  arc  nonnally  the  only  surface  systems 
reaching  die  Indus  River  Valley.  Two  factors  that 
contribute  to  Cyprus  Low  cyclogencsis  arc:  (I)  low-level 


inflow  of  north  westerlies  from  the  Aegean  Sea  over 
warm  eastern  Mediterranean  waters  and  (2)  insuibilily 
aloft  caused  by  cold,  slow-moving,  migratory  (mid-  iind 
upper-level)  jxilar  troughs.  Figure  2-23  shows  surface 
circulation  during  Cyprus  low  development,  anti  Figure 
2-24  shows  a  gctieralizcd  mean  surlaee  pressure  palterti 
for  the  development  of  a  Cyprus  l.ow. 


Figure  2-24.  (lenerali/.ed  Mean  .Surface  Pressure  Pattern  (mb)  Depicting  Cyprus  Low 
Cyclugenesis  and  Intensincation. 
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In  winter,  25-50%  of  Cyprus  l.ows  produce  cold 
fronts  that  reach  the  Persian  Oidf;  about  half  of  these 
systems  form  a  secondary  low  in  the  southern  Persian 
Quif  or  Gulf  of  Oman  that  moves  eastward  into  the 
southern  Indus  River  Valley.  The, sc  fronts  tuc  the 
primary  weather  producers  for  the  southern  Zagros 
Mounuiins,  the  extreme  southern  Central  Deserts,  the 
southern  Eastern  Mountains,  and  tlic  southern  Indus 
River  Valley. 

A  thunderstorm  outbreak  with  significant  rainfall 
requires  cold  air  (usually  15-18°  F/8-l()°  C  emder  than 
the  environment)  between  5(K)  and  7(K)  mb.  Very  cold 
ixtiar  troughs  occasionally  fwnetrate  into  the  eastern 
Mediterranean  Sea  with  moist  low-level  support  through 
the  Aegean  Sea.  Warm  Sahara  air  combines  with  Red 
Sea  moisture  advected  ahead  of  the  cold  front  to  create 
favorable  low-level  conditions  for  severe  thunderstonns 
over  the  southern  Anatolian  Plateau;  strong  positive 
vorticity  advection,  however,  is  required  to  trigger  their 
development. 


Cyprus  Lows  most  •Vcqucntly  truck  cast  or  southeast 
into  the  Fertile  Crcsccm  and  Persian  Gulf.  Occasionally, 
the  Cyprus  Low  moves  into  the  Gulf  of  Oman  toward 
Pakistan.  C> clogcnesis  nomially  (Kcurs  over  the 
southern  Persian  Gulf  or  the  Gulf  of  Oman.  An  actual 
Cyprus  Low  rarely  reaches  the  Indian  sub-continent. 

Cyprus  Lows  arc  generated  over  warm  water  surfaces. 
As  a  result,  less  instability  is  needed  to  sustuin  lower 
surface  pressures.  Furthermore,  favorable  mid-  and 
upper-level  wc.stcriy  flow  is  frequent  from  December 
through  March,  whereas  the  Atlas  Low  cyclogenesis  arai 
requires  a  sustained  northerly  How  pattern  only  common 
during  transitions.  Cyprus  Low  formation  does  not  occur 
exclusively  between  December  and  March,  and  Figures 
2-25a-d  illustrate  a  .sequence  that  occurred  in 
mid-November.  The  first  three  figures  are  surface  charts 
.showing  the  low’s  development:  the  fourth  is  the 
accompanying  5(X)-mb  chart. 


Figure  2-25a.  Surface  Synoptic  Chart  (16  November  195.1,  OOOOZI,  Cyprus  Low.  Pressures  are  in  millibars. 
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The  illtick  Sea  Low.  Although  Bhick  Sea  low.s  can  Figiirc.s  2-2('>a  and  h  .show  .‘vOO-mh  (low  patlerns  over 
develop  year-round,  they  typically  form  liom  April  to  North  Africa  and  Europe  on  18  and  20  August  1040  at 

Octol>cr  as  secondary  lows.  Primary  summer  storm  03(K)Z.  They  also  show  a  deep  5(M)-mb  trough  extending 

trucks  normally  tro.ss  central  and  northern  Europe,  but  on  from  Scandinavia  .south  to  25°  N,  with  a  cul-oH  low 

rare  oc,;asion,  a  deep  mid-latitude  trough  extends  south  forming  in  support  of  the  surface  cyclone  over  the  Black 

over  the  Black  Sea  wlicrc  the  warmer  water  initiates  Sea.  Although  this  How  pattern  is  rare,  it  produces 
cyclogencsis.  The.sc  lows  no-mally  track  northea.st  or  significant  prccipiUition. 
cast-northeast.  Thunderstorms,  heavy  rains,  and  high 
winds  are  not  unusual  over  the  the  Black  Sea  Plain  and 
the  immediate  mountains. 


Figure  2-26i).  500-mb  Flow  Pattern  (18  August  1949,  W300Z),  Black  Sea  Low.  Contours  represent  height  in 
geotwtential  meters  (gpm). 


Figure  2-26b.  500-mb  Flow  Pattern  (20  August  1949,  0300Z),  Black  Sea  Low.  Contours  represent  height  in 
geopotential  meters  (gpm). 
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Figures  2-26c  and  d  are  (KXHiZ  surface  charts  for  H)  low-pressure  cell  develops  near  luily  and  rrn  iho  2()lh, 
and  20  August  1949.  Tlie  most  significant  weather  when  the  13 lack  Sea  Low  deepens  and  the  cold  Ironl 
features  shown  in  the.se  figures  arc  on  the  19th,  as  a  moves  into  the  Sahara. 


Figure  2-26c.  Surface  .Synoptic  Chart  (19  August  1949,  OOOOZ),  Black  Sea  Low.  Pressures  arc  in  millibars. 
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Figure  2-26d.  Surface  Synoptic  Chart  (20  August  1949,  OOOOZ),  Black  Sea  l,ow.  Pressures  arc  in  niillibars, 


Figures  2-27a-d  depict  a  mid-January  Black  Sea  Low 
sequence.  Tlie  cold  front  nonnully  extends  south  Into  the 
Mediterranean  Sea.  Although  the  Black  Sen’s  northern 
fringes  freeze  over  during  the  winter,  the  southern  half 
normally  remains  ice-free  and  the  warm  water  helps 
initiate  cyclogenesis.  This  synoptic  situation  can 
produce  extensive  freezing  rain  over  the  northeastern 
Black  Sea. 


Thunderstorms  also  develop  in  winter,  Inil  less 
frequently.  Maximum  lops  are  normally  IkiIow  ;q),(XK) 
feci  (9,146  meters)  MSL.  Heavy  snow  lulls  over  the 
northern  Anatolian  Plateau  and  the  mounuiins  of 
northeastern  Turkey. 


Figure  2-27a.  500-mb  Flow  Pattern  (19  January  1951,  0300Z),  Black  Sea  Low.  Contours  represent  height  in 
geopolcnlial  meters  (gpm). 
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Finure  2-27d.  Synoptic  Siirfnce  (  hart  (21  January  1951,  OOOOZ),  Black  Sea  Low.  Pressure  is  in  millibars. 


Caspian  Sea  Low.  Tlic  Casinan  .Sea  provides  a 
low-lcvcl  inoi.slure  source  for  mi}.'ralory  mid-  and 
upper-level  troughs.  Extensive  mountain  ranges  ak)ng 
the  central  and  southern  sections  ol  the  Caspian  Sea 
coastline  ollen  generate  secondary  surlace  lows  through 
lee  side  troughing.  This  can  occur  at  atiy  time  ol  the 
year,  but  November  to  March  is  (avored.  The.se  systems 
play  a  major  role  in  the  weather  ol  tlie  Casjfian  Sea  Plain 
and  northern  Initi.  During  the  winter,  the  itorihem 
two-thirds  ol  the  Casiuiin  Sea  becomes  ice-covered. 


Hetivy  cumulus  with  a  rare  thunderstorm,  very  heavy 
rains,  and  high  winds  occur  immediately  Ix'hind  these 
systems  as  they  pass  over  the  Caspian  Sea  Plain  and  the 
mountains  to  the  immediate  south.  In  winter,  rain 
usually  changes  to  snow  above  ,500- 1 ,()(K)  leel  (l,57-M)5 
meters)  MSI,.  rhundeislorm  lojis  are  usually  below 
30,000  leel  (0,1-10  meters)  MSI..  Lows  average  Irom 
one  to  three  a  month  Irom  mid-December  through  early 
March,  but  actual  lieuiieiK  \  v  aries  liom  year  to  year. 


Genoa  L.ows  form  in  the  Gulf  of  Genoa  (in  the 
northern  part  of  the  Ligurian  Sea);  they  develop 
primarily  from  December  to  March  and  account  for  69% 
of  all  Mediterranean  Basin  cyclones.  Airflow  over  the 
Swiss  Alps  produces  lee  side  troughing  off  the  coast  of 
Italy.  Transient  disturbances  intensify  in  this  trough, 
normally  intensifying  for  12  to  48  hours  before  moving 
out  into  the  north-central  Mediterranean.  There  are  three 
common  patterns  for  Genoa  Low  development: 

1.  The  movement  of  a  surface  cold  front  into  the  Gulf 
of  Genoa  from  the  west  in  advance  of  an  upper-level 
trough.  The  trough  produces  .southwesterly  flow  aloft  in 
the  warm  sector.  Unstable  cold  air  advected  by  strong 
northerly  surface  winds  through  the  Rhone  Gap  in 
southern  France  produces  cyclonic  turning  at  the  lower 
levels.  The  warm  Mediterranean  Sea  supplies  moisture 
to  the  developing  low,  which  moves  .southeast  into  the 
Mediterranean  Sea,  then  turns  east  toward  Turkey.  The 
primary  track  is  east-southeastward  into  Cyprus  with  a 
secondary  cast-northeastward  track  into  the  Black  Sea. 
The  cold  front  normally  extends  2(X)  NM  inland  into 
northern  Africa,  but  the  southern  end  is  weak. 

2.  The  establishment  of  a  blocking  .‘500-mb  ridge  over 
the  eastern  Atlantic  along  the  coast  of  Europe  that  brings 
north-to-northwesterly  mid-level  How  into  the  Medi¬ 
terranean  basin.  Icelandic  Lows  passing  to  the  north 
extend  cold  fronts  southeastward  over  Spain  and  France. 
The  blocking  longwave  ridge  steers  shortwaves  into  the 
Gulf  of  Genoa,  where  the  cold  air  aloft,  warm  water  at 
the  surface,  and  Ice  side  troughing  combine  to  intensify 
them.  The  low  normally  tracks  southeastward  over  the 
cenUal  Mediterranean  Sea.  These  migratory  systems 
may  bring  short  periods  of  light  showers,  drizzle,  or 
virga  to  areas  easi  of  1 5°  E  and  north  of  2.3°  N. 

3.  Cyclonic  shear  over  the  Strait  of  Gibraltar 
produces  an  upper-level  cut-off  low  in  the  western 
Mediterranean.  About  !()%>  of  these  vortices  reach  the 
Gulf  of  Genoa  and  intensify  into  a  Genoa  Low;  they 
bring  mid-  and  upper-level  clouds,  but  no  precipitation  in 
northeast  Africa  down  to  2.3°  N. 

TROPICAL  ACTIVITY.  Monsoon  Trough  convection 
organizes  into  inten.sc  tropical  disturbances  over  the 
Arabian  Sea,  the  Bay  of  Bengal,  and  the  north  Indian 
Occiin,  primarily  during  the  transition  months  ol  May, 
October,  and  November.  Subtropical  anti  tropical 
cyclones  can  bring  severe  weather,  but  it  is  rare.  These 
storms  affect  the  Indus  River  Vtilley  anti  the  southern 
portions  of  the  Eastern  Mountains.  Orgatii/etl  tiopical 
squall  lines  arc  extremely  nac 


Subtropical  Cyclone.s.  The  subtropical  cyclone  shown 
in  Figure  2-28,  also  known  as  the  "monsoon 
mid-tropospheric  low,"  forms  in  the  Arabian  Sea.  Its 
circulation  is  strongest  at  mid-tropo.spheric  levels. 
Unlike  tropical  cyclones,  which  are  warm-core 
throughout,  the  subtropical  cyclone  has  a  cold  core  in  the 
mid-layers  and  a  warm  core  aloft.  Latent  heat  released 
through  deep  convection  may  provide  enough  warming 
to  create  the  appearance  of  a  tropical  cyclone  circulation 
and,  given  time,  can  actually  change  the  low  into  a 
tropical  cyclone. 

The  rare  subtropical  cyclones  that  develop  in  the 
northeast  Arabian  Sea  between  June  and  September  arc 
not  frontal-type  systems.  They  develop  from  downward 
penetration  of  a  mid-  or  upper-level  low.  The 
pre-existing  upper-level  low  is  enhanced  through 
interaction  with  an  advancing  upper-level  trough  in  the 
westerlies.  The  Somali  Jet  may  assist  in  initiating 
cyclonic  curvature  at  the  8.3()-mb  level. 

Subtropical  cyclones  also  occur  once  or  twice  a  year 
(between  November  and  early  March)  in  the  Arabian 
Sea.  Deep  polar  surges  can  temporarily  disrupt 
Northeast  Mon.soon  flow  and  cause  a  subtropical  cyclone 
to  form  in  the  wake  of  a  migratory  upper-level  tfough  (or 
cut-off  low).  The  circulation  may  become  self-sustaining 
as  it  is  gradually  surrounded  by  warmer  air.  Movement 
is  generally  westward  with  resumption  of  nonnal 
mid-level  flow.  Successive  polar  troughs  prevent 
intensification. 

Some  characteristics  of  subtropical  cyclones  are: 

fhey  arc  self-sustaining.  Convection  near  the  center 
produces  a  closed  circulation.  Maximum  convergence  is 
between  400  and  6tX)  mb,  also  the  zone  of  steepest 
pressure  gradients  and  strongest  winds.  Upward  motion 
above  this  zone  leads  to  condensation  and  deep 
convection,  while  descending  motion  below  the 
convection  is  c(X)led  by  evaporation. 

Trade  winds  prevail  at  the  surface  away  froitt  tlio 
center.  There  is  a  subsidence  inversion  over  the  trade 
winds.  Trade  wind  flow  is  disrupted  at  the  surlace  closer 
to  the  center.  The  cyclone  may  or  may  not  aetiially 
develop  cyclonic  circulation  at  the  surface. 

Subtrojiical  cyclones  do  not  normally  dissipate; 
instead,  sticccssive  tipper  le\el  troughs  absorb  them  into 
the  westerlies.  .Siirlate  Iriclion  plays  a  liinili'd  lole 
because  the  disturbances  are  over  water  ami  don't 
normally  reach  the  surliice. 
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Figure  2-28.  Vertical  Cross-Section  of  a  Subtropical  Cyclone  (from  Ramage,  1974). 
Divergence  is  indicated  by  plus  signs,  convergence  by  minuses.  Regions  of  air  moving 
vertically  and  undergoing  dry  adiabatic  temperature  changes  are  denoted  by  D";  regions 
undergoing  moist  adiabatic  temperature,  by  "M". 


Tropical  Cyclones  are  most  frequent  in  the  Arabian  Sea 
during  the  transition  months  of  May,  October,  and 
November,  but  a  few  (10%)  develop  in  the  summer.  The 
surface  Monsoon  Trough  is  responsible  for  the 
development  of  tropical  cyclones  as  it  moves  north  and 
south  from  the  Asian  landmass  during  the  transition.  A 
major  source  region  of  Arabian  Sea  tropical  cyclones  is 
centered  at  1 1°  N,  71°  E,  but  some  form  in  the  Bay  of 
Bengal  and  itiovc  across  southern  India  into  the  Arabian 
Sea. 

No  tropical  cyclone  statistics  arc  included  here 
because  so  few  actually  strike  the  Near  East  Mountains 
region,  where  only  three  have  been  recorded  in  S.S  years. 
Most  turn  to  the  norlhcas:  and  make  landfall  in  India. 
The  others  go  west  into  the  Arabian  Peninsula  or  the 
Horn  of  Africa.  An  (Kcasional  storm  may  hit  between 
Bombay  and  Karachi,  producing  significant  rainfall 
amounts  along  the  Indus  River  Valley’s  Indian  Ocean 
Coast.  Rainfall  and  area  coverage  vary  widely  from  year 
to  year. 


Monsoon  Depressions.  Originating  in  the  Northern  Bay 
of  Bengal,  thc.se  warm-core  tropical  disturbances  move 
we.st-northwest  across  extreme  northern  India  towards 
the  Indus  River  Valley.  They  develop  when  the 
Monsoon  Trough  lies  parallel  to  the  Himalayas  in  the 
Ganges  River  Valley  from  late  May  through  early 
September,  They  generally  begin  as  tropical  cyclones  at 
tropical  storm  strength,  but  winds  die  rapidly  as  tliey 
move  inland.  Stronger  depressions  stay  intact  long 
enough  to  bring  isolated  rainshowers  and  towering 
cumulus  to  the  Indus  River  Valley  and  the  Eastern 
Mountains  subregions.  SU’ongcr  showers  and 
thunderstorms  can  occur  over  the  higher  ridges  on  the 
north  and  west  sides  of  the  Indus  River  Valley  and  the 
lower  peaks  of  the  southern  Hindu  Kush.  These 
depressions  can  occur  every  10-14  days  and  persist  for  2 
to  3  days.  Figures  2-29a  and  b  show  monsoon 
depression  tracks  region  during  their  peak  period  in  July 
and  August. 
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Figure  2-29a.  July  MouMHm  Depression  Tracks  in  the  Northern  Indian  Ocean  Kasin,  1891-1960  (Indian 
Meteorological  Department,  1964). 
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PiRure  2-29b.  AuRu.st  Monsinm  Depression  Tracks  in  the  Northern  Indian  Ocean  Basin,  1891-1960  (Indian 
MeteoroloRical  Department,  1964). 


Monsmm  Breaks.  Recent  research  (from  preliminary 
results  of  the  November  1988  World  Meteorological 
Symposium  at  Pune,  India)  suggests  that  exU'cmely 
strong  troughs  in  the  upper-level  westerlies  may  be  the 
primary  cause  for  "monsoon  breaks,"  the  name  given  to  a 
sudden  surge  of  the  Mttnsoon  Trough  northward  into  the 
lower  Himalayas,  followed  by  cessation  of  rainfall  over 
central  and  southern  India.  A  new  Monsoon  Trough  then 
forms  near  10°  N  and  advances  northward  to  the  Ganges 
River  Valley.  The  cycle  lakes  from  10  days  to  weeks. 

Indian  Geosynchronous  Meteorological  Satellite 
(INSAT)  data,  along  with  upper-air  .soundings,  shows 
that  sustained  monsotrn  How  and  precipitation  over  the 


Int'ian  subcontinent  requires  the  .“iOO-mb  subtropical 
ridge  to  stay  north  of  23-2.“)°  N.  Once  the  ridge  retreats 
.south  of  that  point,  a  "monsoon  break"  occurs.  A 
numerical  model  shows  that  the  Tibetan  High  breaks 
down,  and  in  extreme  cases  disappears,  when  an 
extremely  strong  trough  in  the  upper-level  westerlies 
north  of  the  Tibetan  Plateau  brings  unusually  cold  air 
.southward.  The  immediate  result  is  the  very  temporary 
(48  to  72  hours)  ap|K'arance  of  mid-  and  upper- level 
westerly  How  .south  o(  the  Himalayas.  The  ‘iOO-mb 
subtropical  ridge  retrciits  to  near  15°  N  Convection 
dramtitically  wciikens  and  precipitation  ceases  north  of 
22-23°  N. 


AhnorniHl  Southwest  Monsoon  Flow,  About  once  Iran.  Precipitation  amounts  arc  variable  over 

every  4  years,  a  deep  "omega"  pattern  in  upper-level  northwestern  Pakistan  and  northern  Alghanislan  due  to 

westerlies  over  the  Euroftean  Soviet  Union  results  in  the  orographic  lilting  in  the  mounuiinous  terrain.  This 

development  ol  a  closed  low  over  southern  Iran,  This  phenomenon  generally  occurs  early  in  the  southwest 

brings  Southwest  Monsoon  moisture  northwest  and  then  mon,soon  and  lasts  Irom  3  days  to  3  weeks.  Figure  2-30 

west  into  Afghanistan  and,  in  extreme  eases,  northern  showsa  70()-mb  chart  for  such  acasc  in  late  ,luly  19,36, 


Figure  2-30.  700-mb  Contours  Over  Central  Asia  With  Abnormal  Southwest  Monstton 
Flow  (25  .luly  1956, 0200Z).  Isolines  are  in  gcopoicntial  meters  (gpm). 


MESOSCALE  AND  LOCAL  EFFECTS 


MOUNTAIN/VALLEY  WINDS  develop  under  fair 
skies  with  light  and  variable  synoptic  flow.  They  are 
site-specific  phenomena,  common  everywhere  near 
mountain  ranges.  Mid-  and  upper-level  subsidence  limits 
regular  diurnal  convection  over  the  mountains,  but 
shallow,  me.so.scale  convection  can  occur  diumaliy  due  to 
mountain/vallcy  circulation. 

There  are  two  types  of  mountain/valley  wind:  the 
mesoscale,  and  the  localized  microscale  (upslopc  or 
downsiope).  The  key  differences  lie  in  temporal  and 
spatial  scales. 


Mescwcale  Mounlain/Vallcy  Winds  average  6-12 
knots.  Daytime  valley  winds  (Figure  2-3 la)  arc 
strongest,  averaging  10-15  knots  between  650  and  l,3(X) 
feet  (200  and  400  meters)  AGL.  Nighttime  mountain 
winds  (Figure  2-3 lb)  average  only  3-7  knots  at  the  same 
level.  Deep  valleys  develop  more  nocturnal  cloud  cover 
than  shallow  valleys  because  convergence  is  stronger. 
Mesoscale  mounlain/valley  circulation  has  a  maximum 
vertical  extent  of  about  6,5(X)  feet  (2,(XX)  meters)  AGL, 
depending  on  valley  depth  and  width,  the  strength  of 
prevailing  winds  in  the  mid-troposphere,  and  the  breadth 
of  micro.scale  slope  winds. 
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Microscale  Slope  Winds  develop  along  the  surl'ace 
boundary  layer  (0-500  icetA)-152  meters  AGL)  of 
mountains  and  large  hills.  Mean  daytime  upslopc  wind 
speeds  are  6-8  knots;  mean  nighttime  downslopc  speeds 
are  4-6  knots.  These  speeds  are  found  at  elevations  no 
higher  than  130  feet  (40  meters)  AGL.  Downslopc 
mountain  winds  are  sU'ongest  between  November  and 
March,  while  iipslope  valley  winds  arc  strongest  between 
April  and  October.  Figures  2-32a>h  (from  Geiger,  1961) 
show  the  life  cycle  of  a  typical  mounUiin-vallcy  wind 
circulation.  The  light  arrows  represent  microscale 
circulation;  the  dark  arrows,  mesoscale  circidation. 


Figure  2-32a.  SDNRISK.  Sunshine  almost 
immediately  generates  upslope  wind  development,  but 
the  downslopc  mounuiin  wind  persists  because 
mcso.scale  How  overrides  microscale  flow.  Generally, 
the  transition  between  Figures  2-32a  and  b  is  0700- KKK) 
LST,  but  local  terrain  determines  how  soon  sunlight  can 
start  the  microscale  upslope  wind,  which  is  not  fully 
developed  until  the  entire  valley  surface  is  heated  enough 
to  stop  the  mesocale  downslope  mountain  wind. 


Figure  2-321).  LATF]  M()RNIN(J.  Widespread  surface 
heating  continues  to  generate  microscale  upslope  flow, 
cutting  off  any  downslope  mountain  circulation. 


Figure  2-32c.  MIDDAY.  Sunshine  covers  the  entire 
valley  floor,  and  upslopc  (low  Iceds  valley  circulation. 


Figure  2-32d.  LATK  AFTFRNOON.  East-facing 
slopes  begin  to  cool;  upslopc  flow  weakens. 


Figure  2-32e.  SUNSKT.  Although  microscale 
downslopc  wind  components  dominate  the  surface 
boundary  layer,  mesoscale  upslope  valley  flow  retains 
weak  momentum. 


Figure  2-32f.  LATK  FiVKNlNfJ.  Downslopc  wiiuls 
dominate. 


Figure  2-32g.  MIDNIGHT.  Downslo[X',  winds  Iced  the 
mounUiin  circulation. 
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FiBure  2-32h.  PRK-DAWN.  Winds  arc  calm  jusi 
before  surface  healing  beg  ns  al  ihe  microscale;  ilie 
mesoscale  downslopc  mouniain  circulation  retains  its 
momentum.  Microscale  downslopc  winds  end  just 
before  sunri.se;  upslope  winds  licgin  again  at  first  light. 

Orographic  uplift  may  accentuate  mesoscale 
mountain/valley  convergence  above  6,(){)()-7,()(K)  feet 
(1,8.30-?.,  1.30  meters),  producing  sborl-lived  convective 
cells.  This  is  common  in  the  extreme  souihcrn  Zagros 
mounlitins  of  the  Western  Mountains  subregion  during 
summer.  The  Taurus,  Zagros,  Elbiir/,  Hindu  Kush,  and 
Himalaya  Mountains  produce  extensive  uplift,  heavy 
cloud  cover  and  heavy  prccipiUilion  between  November 
and  April,  but  transitory  low-pressure  systems  and  their 
associated  upper-air  irouglis  are  necessary  to  provide  the 
moisture. 

Mouniain  inversions  develop  when  cold  air  builds  up 
along  wide  valley  doors  where  nighttime  downslope 
wind  convergei'icc  is  weak.  The  '.:old  air  descends  from 
the  slopes  above  the  vailey  at  8-12  knots,  but  loses 
momentum  when  it  spreads  out  over  the  valley  floor.  Ry 
ll.  time  the  downslo(X’!  How  Irom  both  slopes  can 
converge,  wind  speeds  average  only  2-4  knots.  The  coid 
air  replaces  warm  valley  air  at  the  surlacc.  If  there  is 
sufficient  moist itre  or  pollution,  a  fog  and/or  smoke  layer 
lorms  near  die  base  of  the  inversion.  First  light  initiates 
upslope  winds  by  warming  the  cold  air  trapped  on  the 
valley  door.  Warming  of  the  entire  boundary  layer 
commences  neai  itic  .‘'(K)-lool  (I'iO-tnelcr)  level  Afil.. 


MOUNTAIN  WAVF.S,  Mountain  wave  turbulence, 
usually  moderate  to  severe,  occurs  in  the  updrafts  and 
downdrafts  of  the  wave.  Rotor  clouds,  rarely  seen  over 
the  southern  Hindu  Kush  and  Zagros  ranges,  priKluce  the 
strongest  turbulence  because  of  sudden  directional 
.shears.  Between  November  and  April,  occasional  mid- 
and  upper-level  troughs  in  the  westerlies  may  produce 
light  to  moderate  turbulence  over  the  coastal  fringes 
immediately  adjacent  to  the  Taurus  and  Zagros 
Mountains,  as  well  as  potentially  dangerous  mountain 
waves  along  their  eastern  slofies.  Turbulence  may  also 
occur  near  the  Subtropical  Jet. 

t'ondilions  neces.sary  for  mountain  wave  formation 
include  sustained  winds  of  l.‘i-2‘i  knots  with  wind  flow 
oriented  within  .30  degrees  of  perpendicular  to  the  ridge. 
Waves  develop  when  air  at  lower  levels  is  forced  up  and 
over  the  windward  side  of  the  ridge. 

Wavelength  amplitude  is  dependent  on  wind  speed 
and  lapse  rate  above  the  ridge.  Light  winds  follow  the 
contour  of  the  ridge  with  little  displacenicnt  above  and 
rajiid  dampening  beyond.  Slrotigcr  winds  displace  air 
alxive  the.  stable  inversion  layer;  tipward  displacement  of 
air  can  reach  the  iropopause.  Dowmsircam,  the  wave 
propagates  for  an  average  distance  of  .SO  times  the  ridge 
height. 

Lenticular  clouds  form  when  air  is  forced  up  a  Ice 
wave.  These  cigar-  or  fish-shaped  clouds  develop  mainly 
in  Ihe  mid-  and  upper-levels,  and  arc  often  stacked  one 
alxrve  the  other.  Rotor  clouds  form  when  a  core,  of 
strong  wind  that  does  not  exceed  1..*!  times  the  ridge 
height  moves  over  Ihe  ridge.  These  clouds  may  not 
always  become  visible  in  dry  regions.  Figure  2-33  shows 
a  fully  develo|x'd  lee-wave  system. 


PRESSURE  (mb) 


X 

o 

Ul 

X 


Figure  2-33.  Fully  Developed  Lee-Wave  System  (from  Wallace  and  Hobbs,  1977). 


DUSTSTORMS.  Given  ihc  right  conditions,  duslstorms 
generally  form  at  elevations  below  4,(KX)  feet  (1,220 
meters)  MSL.  Although  they  occur  most  often  in  the 
Central  Deserts,  no  location  is  totally  without  these 
phenomena.  Duststorms  carry  suspended  particles  over 
large  distances,  often  reducing  visibilities  to  le.ss  than  30 
feet  (9  meters).  .Season  of  tKcurrence,  wind  direction, 
amount  of  particulate  matter,  and  duration  vary  by 
locality.  Large-scale  duststorms  often  pcsist  for  I  or  2 
days  prior  to  a  frontal  passage  (such  as  with  an  Atlas  or 
Cyprus  Low). 

Dust  devils  are,  in  effect,  miniature  tornadoes  set  off 
by  intense  summer  heating.  Diameters  range  from  10  to 
3(X)  feet  (3-91  meters).  Dust  devils  may  last  1  -5  minutes. 
They  occur  most  frequently  over  the  sandy  portions  of 
the  Thar  De.scrt  and  the  Central  Deserts  subregion. 

Surface  temperature  inversions  tend  to  dampen 
turbulent  mixing  in  the  lowest  layers  and  reduce  the 
effects  of  sand  and  duststorms  from  day  to  day. 
Typically,  inversions  break  down  several  hours  after 
sunrise,  allowing  turbulent  mixing  in  the  lower  layers; 
however,  large-.scale  synoptic  disturbances  may  override 
the  nighttime  dusLstorm  minima. 

The  origin  and  nature  of  a  dustsiorm  depends  on 
general  synoptic  and  liKal  surface  conditions,  as  well  as 
on  seasonal  and  diurnal  considerations,  as  shown 


Synoptic  Conditions. 

Active  cold  fronts.  Between  November  and  April, 
diKststorms  may  develop  with  frontal  passages.  Gusts  of 
L‘S-20  knots  are  enough  to  lift  dust  and  .sand.  A  pressure 
gradient  of  6  to  8  mb/lOO  NM  produces  wide, spread 
duststorms  with  low  visibility.  Severe  duststorms  occur 
with  persistent  northwesterly  and  northerly  winds  over 
the  Central  Deserts  and  the  Hindu  Kush. 

Convective  activity.  Convection  produces  l(x;al 
cumulus  downdrafts  well  in  excess  of  30  knots. 
Visibilities  can  be  greatly  reduced  within  minutes. 

Local  Surface  Conditions.  Soil  type  and  condition 
controls  the  amount  of  particulate  matter  that  can  be 
raised  into  the  atmosphere.  Dry  sand  or  silt,  for  example, 
is  ea.sily  lifted  with  a  10-15  knot  wind.  Thin  haze  is  a 
persistent  feature  of  the  Near  East  Mountains  area 
between  April  and  October  when  lighter  winds  may 
leave  particles  suspended  for  several  hours  to  several 
days.  Strong  winds  may  cause  fine  dust,  sand,  salt,  or 
silt  to  travel  hundreds  of  miles  from  the  source. 

A  knowledge  of  surface  conditions  helps  in 
determining  whether  or  not  a  strong  frontal  passage  or 
mid-level  trough  will  reduce  visibility  lo  less  than  3 
miles.  Recent  precipitation  obviously  inhibits  the  raising 
of  dust.  Low  visibilities  in  duststorms  are  common 
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where  the  soil  is  very  fine,  but  mountainous  and  stony 
surfaces  limit  particle  suspension.  Vehicular  traffic  in 
the  desert  raises  dust  and  makes  conditions  more 
favorable  for  duststorms,  even  with  lighter  winds. 

Seasonal  Ctmsideratinns. 

November  to  March.  Thin  dust-haze  is  the  most 
frequent  restriction  to  visibility  during  fair  weather. 
Several  weeks  of  fair  weather  allows  surface  heating  and 
sea  breezes  to  accumulate  fine  sill  in  the  air.  Dustslonns 
associated  with  warm  and/or  cold  frontal  boundaries  arc 
not  common,  but  they  may  produce  potentially  severe 
dastslorms  with  low  visibility  (1-3  miles)  over  large 
areas.  Sustained  20-knot  or  greater  surface  winds  that 
persist  for  3-9  hours  occur  with  Allas  and  Cyprus  Lows. 
Low  visibilities  may  occur,  along  with  abnormally  strong 
Northeast  Monsoon  flow  (15-2.*)  knots)  in  the  Central 
De.seris. 

April  to  October,  Late-April  frontal  passages, 
heiil-induced  free  convection,  and  me.soscale  squall  lines 
produce  most  dusLslorms  that  restrict  visibilities  to  3-6 
miles. 

Diurnal  Considerations. 

Daytime.  Hot  and  dry  surface  conditions  in  June, 
July,  and  August  across  most  of  the  region  produce 
localized  dust  and  haze.  Persistent  dryness  allows  dust  to 
rise  into  the  mid-levels,  and  weak  synoptic  flow  allows  it 
to  remain  suspended  for  days  or  weeks. 

Nighttime,  Cooler  surface  temperatures  create  stable 
conditions  in  the  adjacent  surface  layer,  minimizing 
turbulent  mixing. 


"Common"  land/seu  breezes  affect  all  coastal  areas. 
Prevailing  local  sea-breeze  winri  directions  can  vary  by 
4.‘5  degrees  or  more  from  prevailing  flow.  In  cases  of 
weak  synoptic  flow,  the  .sea-breeze  component  can 
override  synoptic-scale  winds  completely.  Figure  2-34 
shows  the  "common"  or  land/sea  breeze  circulation  under 
calm  conditions  with  no  terrain  influences  and  a  uniform 
coastline.  Onshore  (A)  and  offshore  (B)  flow  intensifies 
in  proportion  to  daily  heat  exchanges  between  land  and 
water.  Common  land/sea  breezes  normally  reverse  at 
dawn  and  dusk. 


Figure  2-34.  The  "Common"  Daytime  Sea  Breeze  (A) 
and  Nighttime  Land  Breeze  (B).  Thick  arrows 
represent  pressure  gradient  and  direction  of  How. 


LAND/SEA  BREEZES  generated  by  differential  "Frontal"  land/sea  breezes  arc  the  product  of  the 
heating  are  found  on  the  Black  Sea  Plain,  on  the  Caspian  "front"  between  the  land  and  sea  air  masses.  The 

Sea  Plain,  and  along  the  coastline  of  the  Indus  River  transition  for  wind  reversal  is  delayed  by  1-4  hours 

Valley  sub-regions.  They  rarely  extend  above  2,0(X)  feel  because  gradient  flow  prevents  the  sea-breeze  boundary 

(610  meters)  AGL  or  15  NM  inland  without  supporting  layer  or  "front"  from  moving  ashore.  Figure  2-3.5a-f 

synoptic  How.  The  transition  between  land  and  sea  shows  a  typical  "frontal"  land/sca  breeze  sequence.  Solid 

breezes  and  wind  strength  vary  greatly  depending  on  blocks  denote  the  land  surface,  while  dashed  lines 

season  and  location.  Local  land/sca  breezes  can  be  very  represent  water.  Vertical  lines  show  the  sca-brcczc 

complex,  depending  on  synoptic  circulation,  shoreline  boundary  layer  and  arrows  represent  wind  circulation.  A 

configuration,  and  terrain.  There  arc  two  typos;  knowledge  of  gradient  Ilow  direction  and  strength  will 
"common"  and  "frontal."  determine  what  effect  this  land/sca  breeze  type  will  have 

in  delaying  rrnshorc  flow. 
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Figure  2-35a.  (Gradient  Flow  With  Offshore  Wind 
Component  Slopes  (Jently  Over  A  Dense,  Cinder 
Marine  Koundary  Layer.  Shearing  action  along  the 
"I'ronl",  or  land/sca  air  mass  interlace,  compacts  the 
layer.  Gradient  (low  strength  determines  the  magnitude 
of  compacting. 


Figure  2-35b.  Increased  Compacting  Tightens 
Pressure  (iradient  Along  Land/Sea  Interface.  If  the 
gradient  is  wetik,  land  surfaces  heat  rapidly.  As  a  result, 
the  surface  pressure  gradient  and  winds  resemble  those  in 
Figure  2-35a. 


Figure  2-35c.  Maximum  Compacting  of  the  Marine 
Boundary  Layer.  At  this  instant,  the  surface  winds 
inside  the  marine  boundary  layer  show  onshore  direction. 
The  marine-layer  surface  (low  may  take  several  hours  to 
reach  the  coast.  Momentum  accelerates  wind  speed  with 
time. 


Figure  2-35d.  Frontal  .Sea  Breeze  Accelerates 
Tiiwards  Shore.  Initial  "Ironutl"  sea  breezes  may 
sustain  2()-knot  winds  for  134.“)  minutes. 
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Figure  2-.15e.  Sea  Breeze  "Front"  Reaches  The 
Coast.  Note  the  increased  depth  of  onshore  flow  in  the 
marine  boundary  layer.  Compare  with  Figure  2-3.3c. 


Figure  2-35f.  Land/Sea  Breeze  Mechanism  In  Full 
Swing.  Offshore  Ilow  aloft,  onshore  flow  at  surface. 

Topography  parallel  to  coastlines  modifies  the 
land/sea  breeze  in  .several  ways.  For  one,  orographic 
uplift  induces  sea-breeze  stratiform/cumuliform 
cloudiness  and  dcllccts  surface  winds.  The  mesoscalc 
mounlain  circulation  accelerates  the  land  breeze  over 
open  water.  High  coastal  terrain  produces  steep 
nighttime  temperature  gradients.  Strong  offshore 
gradient  How  produces  the  "frontal"  type  land/sca  breeze. 

Coastal  configuration  also  has  an  effect  on  land/.sca 
breezes.  Coastlines  perpendicular  to  synoptic  flow 
maximize  sea  breeze  pcncU-ation,  while  coastlines 
parallel  to  the  Ilow  minimize  the  effect.  Hot  and  dry 
land  surfaces  along  coastlines  significantly  modify  moist 
onshore  Ilow  within  20  NM  of  the  coast.  Without 
significant  orographic  uplift,  sea-breeze  cumulus  rarely 
develops  beyond  the  immediate  coastline. 
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REGIONAL  WINDS. 

Etesian  winds  are  northerly.  Tliey  affect  the  coastlines 
of  Turkey  from  mid-May  through  mid-September.  This 
monsoon-like  flow  persists  because  of  a  thermal  trough 
over  the  Turkish  interior  that  interacts  with  high  pressure 
over  the  Balkans.  Speeds  occasionally  reach  30  knots, 
usually  in  July  or  August. 

Sirocco  winds  occur  over  the  Central  Anatolian  Plateau. 
Siroccos  are  hot,  dry,  and  dusty  .southerly  to 
southeasterly  winds  in  the  warm  air  sector  of  advancing 
lows  moving  east  or  northeast  across  the  eastern 
Mediterranean.  The  warm  air  originates  in  the  deserts  of 
Northeast  Africa,  Israel,  and  Syria. 

The  "Wind  of  120  Days"  is  the  name  given  to  the 
sustained  northerly  winds  over  the  Central  De.serts  and 
the  Afghani.stan  valleys  of  the  Hindu  Kush  that  flow  out 
of  central  Asia  into  the  thermal  heat  lows  during  June, 
July,  and  August.  Visibility  can  decrease  to  near  zero  as 
dust  and  .sand  rises  to  5,(XX)- 10,000  feet  (1,575-3,050 
meters)  AGL.  Afghan  citizens  have  reported  winds 
exceeding  50  knots  during  especially  .severe  conditions, 
but  the  sparse  weather  ob.servation  record  here  doesn’t 
confirm  this. 

Foehns  arc  also  pre.sent  in  and  near  the  mountains, 
piirticularly  in  the  Black  and  Caspian  Sea  coa.stal  plains 
where  southerly  winds  are  adiabatically  warmed. 


moderating  temperatures  and  bringing  clear  skies. 
Winds  of  30  knots  have  been  recorded  along  the  Caspian 
Sea,  but  stronger  winds  in  this  data-sparsc  area  are 
possible. 

WET-BULB  GLOBE  TEMPERATURE  (WB(JT) 
HEAT  STRESS  INDEX.  The  WBGT  heat  stress  index 
provides  values  that  can  be  used  to  calculate  the  effects 
of  heat  stress  on  individuals.  WBGT  is  computed  by 
using  the  fomiula; 

WBGT  =  0.7WB  -I-  0.2BG  +  0.1  DB, 

where:  WB  =  wet-bulb  temperature 

BG  =  Vernon  black  globe  temperature 
DB  -  dry-bulb  temperature 

A  complete  description  of  the  WBGT  heat  sbess 
index  and  the  apparatus  used  to  derive  it  is  given  in 
Appendix  A  of  TB  MED  507,  Prevention,  Treatment  and 
Control  of  Heal  Injury,  July  1980,  published  by  the 
Army,  Navy,  and  Air  Force.  The  physical  activity 
guidelines  shown  in  Figure  2-36  arc  ba.sed  on  lho.se  used 
by  the  three  services.  Note  that  the  wear  of  b(xly  armor 
or  NBC  gear  adds  10°  F  to  the  WBGT,  and  activity 
should  be  adjusted  accordingly  Figures  2-37a-d  give 
average  maximum  WBGTs  for  January,  April,  July,  and 
October.  For  more  information,  sec  USAFETAC/ 
TN-90/(X)5,  Wel-Buth  Globe  Temperature,  A  Global 
Climatology. 


WBGT  (°F) 

WATER 

REQUIREMENT 

WORK/REST 

INTERVAL 

ACTIVITY  RESTRICTIONS 

90-up 

2  quarts/hour 

20/40 

Suspend  all  strenuous  exercise. 

88-90 

1 .5-2  quarts/hour 

30/30 

No  heavy  exercise  for  troops  with  less  than  12 
weeks  hot  weather  uaining. 

85-88 

1-1.5  quarts/hour 

45/15 

No  heavy  exercise  for  unacclimatcd  troops, 
no  classes  in  sun,  continue  moderate  training 

3rd  week. 

82-85 

.5-1  quarVhour 

50/10 

Use  discretion  in  planning  heavy  exercise  for 
unacclimated  personnel. 

75-82 

.5  quart/hour 

50/10 

Caution:  ExU’emely  intense  exertion  may  cau.se 
heat  injury. 

Figure  2-36.  WIKM'  Heat  .Stress  Index  Activity  (iuidelines. 
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AVERAGE  MAXIMUM 
WET-BULB  GLOBE 
TEMPERATURE  INDEX  (°F) 

APRIL 


Finure  2-37l>.  Averauf  Maximum  VVIUi  r--April. 
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AVERAGE  MAXIMUM 
WET-BULB  GLOBE 
TEMPERATURE  INDEX  (oP) 

JULY 


Figure  2-37c.  Average  Maximum  W  B(»'l 
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AVERAGE  MAXIMUM 
WET-BULB  GLOBE 
TEMPERATURE  INDEX  (oP) 

OCTOBER 


Figure  2-37d.  Average  Maximum  WUfri'—Ocfuber. 


Chapter  3 

THE  INDUS  RIVER  VALLEY 

The  Iiuliis  River  Valley  comprises  llie  Ituius  River  IIchxI  plain,  the  deserls  oreaslorn  Pakistan,  and  the  Ibodiills  ol  the 
high  mounlain.s  in  western  and  nrjtihern  Pakistan.  Alter  dc.scribing  the  area's  situation  and  rcliel,  this  chapter 
discusses  "general  weather  conditions"  by  season. 


Situation  and  Relief . ^■2 

Northeast  Monsoon-December-March . ?>-l 

General  Weather . ^-l 

Sky  Cover . ?>-7 

Visibility . ,V7 

Winds . .TS 

Precipitation . .T 1 1 

Temperature . .VI 2 

Northeast  to  Southwest  Monsruin  Tran.sition-April-May . .V 1 3 

General  Weather . 1 

Sky  Cover . VI 3 

Visibility . V I  ^ 

Winds . .VI4 

Precipitation . .V  15 

Temperature . .VIb 

Southwest  !V1ons<K»n-.June-September . VI7 

General  Weather . V|7 

Sky  Cover . ,^-17 

Visibility . ,V|K 

Winds . Vib 

Precipitation . .^-20 

Temperature . ^-2 1 

Southwest  to  Northeast  Monsorin  rransition'-tHtoher-Nirvember . V22 

Genera!  Weather . t-22 

Sk.  Cover . V22 

Visibility . V2^ 

Winds . V2  A 

Precipitation . V24 

Temperature . V2fi 


.VI 


Kiguri^  3-la.  The  Indus  River  Valley.  Rcp«»ninn  Maii«MiK  usi'd  in  this  slmly  arc  shown,  along 
with  ihc  Indus  River  system.  Note  that  Rawalpindi  is  eonicrniinous  with  lslamabad--lho  same 
ma|or  airport  serves  both  cities.  In  this  re|K)it,  consider  "Rawalpindi  and  Islamabad  the  same 
re|)orling  station. 
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THE  INDUS  RIVER  VALLEY 


SITUATION  AND  RELIEF 


STATION 

LAT/LON 


I  KUCMINTS  JAN  ,  FEB  iHAR  I  APR 


LESS  THAN  O.OS  INCHES  OR  LESS  THAN  O.S  DAYS 


Figure  3-ib.  Climatological  .Summaries  for  Selected  Stati«»ns  in  the  Indus  River  Valley. 
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THE  INDUS  RIVER  VALLEY 


SITUATION  AND  RELIEF 
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Figure  3-lc.  Mure  Climatological  Summaries  for  Selected  Stations  in  the  Indus  River  Valley. 
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THE  INDUS  RIVER  VALLEY 


SITUATION  AND  RELIEF 


(iKOCiRAPHY.  As  shown  in  Figure  3-2,  the  Indus 
River  Valley  consists  ol  ihc  Trans-Indus  Plain,  which 
lies  al)ove  656  feel/2(K<  meters  MSL  in  the  north,  and  the 
Indus  Valley  fUwdplain  (0-656  fcctA)-2(K)  meters  FvISL) 
in  the  south.  The  southern  edge  of  the  Sulaiman  Range 
(29'^  N,  69°  E)  is  on  the  .rubregion’s  western  edge. 

TThe  Indus  Valley  floodplain,  a  level,  silt-covered 
valley,  covers  about  200, (XKJ  sq  NM.  At  its  southern 
end,  the  Indus  River  delta  covers  over  3,(KK)  sq  NM.  At 
its  northern  end,  the  Thai  Desert  forms  a  triangle 
Ireiween  t!ie  Indus,  Jhelum,  and  Chenab  Rivers.  The 
Thai  is  75  NM  wide  just  .south  of  the  Salt  Range  and  170 
NM  long.  Its  landscape  is  dominated  by  sand  and  .sand 
dunes.  In  the  floodplain’s  east-central  portion,  India’s 
Thar  Desert  frenelrates  into  east-central  Pakistan.  The 
Thar’s  landscape  includes  isolated  rocky  outcrops  and 
shifting  dunes.  It  is  5(X.'  NM  long  from  north  to  south 
and  2(X)  NM  wide. 

The  Indus  River  Valley’s  northern  and  western 
boundaries  are  marked  by  the  3,280-foot  ( 1  ,(K)0-melcr) 
contour  line  running  from  the  Pakistan/India  cca.se-firc 
line  to  the  Hab  River,  then  following  the  Hab  River  to 
the  Arabian  Sea  west  of  Karachi.  The  southern  boundary 
follows  the  Arabian  Sea  coastline  from  the  Hab  River 
cast  to  the  Pakislan/lndia  border,  then  noith  back  to  the 
cease-fire  line. 

Large  rivers  (all  branches  of  the  Indus)  divide  the 
Trans-Indus  Plain  into  three  major  plateaus:  the 
Peshawar,  the  Polwar,  and  the  Sialkot.  The  Peshawar,  in 
the  extreme  northwest,  is  bounded  on  the  east  by  the 
Indus  River  and  on  the  south  by  the  Kabul  River.  It 
covers  1 ,5(K)  sq  NM  and  includes  the  foothills  of  the  high 
mounurins  to  the  north  of  lh<;  region,  primarily  the  Hindu 
Kush.  Average  elevation  is  LfXK)-l,2(K)  feet  (3(H)-37() 
meters)  MSL. 

The  Polwar  Plateau,  in  the  north  cendal  Trans-Indus 
Plain,  is  1 10  NM  long  from  north  to  south  and  40-80  NM 
wide.  The  Indus  River  forms  its  western  edge;  the 
Jhelum,  its  eastern  edge.  Elevation  averages  1 ,2(K)- 1 ,9(X) 
feel  (370-580  meters)  MSL.  Terrain  includes  rolling 
sandstone  hills  covered  by  loess  (wind  deposited  clays). 
Numerous  sleep,  narrow  sueam  beds  dissect  the  plateau. 
The  Salt  Range,  a  2(K)  NM  long  ridge  line  oriented 
northca.st  to  west,  forms  the  plateau’s  southern  boundary. 
Elevation  averages  2,2(X)  feel  (670  meters)  MSL,  but  the 
highest  point  is  4,992  feel  (1,522  meters)  MSL. 


The  Sialkot  Plateau  in  northeast  Paki.Uan  is  bounded 
by  the  Chenab  and  Ravi  Rivers,  It  covers  2,(XX)  .sq  NM 
and  features  rolling  hills  and  numerous  glacier-fed 
streams. 

DRAINAtJE  AND  RIVER  SYSTEM, S.  The  Indus 
River  and  its  five  main  iribuUirics  form  a  north  lo  south 
drainage  basin  that  covers  380,(XX)  sq  NM,  Originating 
in  China,  the  Indus’  NNE-SSW  course  through  Pakistan 
runs  for  more  than  1,5(X)  NM.  Much  of  its  lower  course 
(below  the  656-fool/2(X)-melcr  level)  meanders  through 
an  interconnected  network  of  channels-a  braided  stream 
bed.  Its  fltxxlplain  is  extensive  and  water  levels  vary 
seasonally.  At  tlte  end  of  the  Northeast  Mon.soon,  river 
width  may  be  as  little  as  1/4  NM,  but  after  Southwest 
Monsoon  rains,  width  increa-scs  to  2  NM. 

The  Kabul  River  is  the  main  Indus  tributary  in  the 
Trans-Indus  Plain.  Originating  in  AfghanisUin,  the 
Kabul  is  320  NM  long.  The  Chenab  (675  NM  long;  and 
the  Sutlej  (850  NM  long)  are  the  main  tributaries  of  the 
Indus  Valley  Floodplain.  They  merge  lo  form  the 
Panjnad  River  50  NM  SSW  o(  Mulutn.  The  Panjnad 
flows  for  only  50  NM  before  entering  die  Indus. 

The  Jhelum  and  Ravi  Rivers  are  the  Chenab’s  main 
tributaries.  The  Jhelum  is  480  NM  long;  the  Ravi,  475 
;1M.  Bcih  originate  in  the  Himalayas  and  dram  into  the 
Chenab  about  50  NM  north-northeast  of  Multan, 

LAKES  AND  RESERVOIRS.  Even  though  many 
rivers  flow  through  the  region,  there  are  few  dams  or 
reservoirs.  The  two  most  prominent  dam/reservoirs  :ire 
the  Tarbela  (on  the  Indus)  and  the  Mangla  (on  the 
Jhelum),  Both  are  flood  control  and  hydnxjlccti  ic 
facilities.  The  rcscrvoi,rs  are  also  used  for  irrigation.  The 
reservoir  behind  Tarbela  Dam  is  about  35  NM  long 
(NNW-SSE)  and  20  NM  wide  (NE-SW);  the  one  Ixhind 
Mangla  Dam  is  about  20  NM  long  (NW-Sl.)  and  13  NM 
wide  (NE-SW).  'Fhcre  arc  no  other  major  water  bodies  in 
the  region. 

VECETATION.  Vegetation  throughout  the  region  is 
limited  lo  stunted  bushes,  wiry  grasses,  and  scattered 
.stands  of  uccs.  Plants  arc  usually  hardy  '  ariclics,  well 
adapted  lo  areas  with  little  precipitation  Marsh  grasst  s 
grow  along  the  Indus  River  della  near  ihc  Arabian  Sea 
coast.  Irrigated  areas  support  wheat,  eoitoi-  am'  c. 
Fruit  trees  tu'C  found  on  plantations  or  in  li  ''  si 
reservations. 
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GENERAL  WEATHER.  Cyclonic  activity 
produces  what  South  Asian  meteorologists  refer  to 
as  "a  western  disturbance,"  the  major  weather 
producer  throughout  the  Northeast  MoRS(X)n. 
Upper-level  troughs  move  into  the  area  primarily 
from  the  Persian  Gulf  or  Iran  and  rarely  from 
Afghanistan.  True  polar  cold  air  outbreaks  do  not 
occur  in  the  Indus  River  Valley.  Instead,  cold  air 
filters  south  and  southwestward  across  the  Hindu 
Kush  and  is  reinforced  by  cold  air  moving  down  the 
Indus  Valley  from  the  western  Himalayas. 

SKY  COVER.  Skies  arc  clear  except  for  clouds 
resulting  from  the  occasional  western  disturbance 
and  .some  jet  stream  cirrus.  Mean  cloudiness 
(shown  by  the  isopleths  in  Figure  3-3)  averages 
20-40%,  increasing  steadily  across  the  Trans-Indus 
Plain  to  more  than  40%  north  of  a  line  running  from 
Pe.shawar  to  Rawalpindi/Islamabad.  This  incrca.se 
results  from  a  combination  of  stronger  upper  air 
troughs  and  increasing  proximity  to  the  Hindu 
Kush.  Ceilings  are  below  3,(M)0  feet  (91.*)  meters) 

(sec  Utbular  data  in  Figure  3-3)  less  than  5%  of  the 
lime  throughout  the  region.  The  highest  occurrence 
(4%)  is  along  the  Arabian  Sea  coast  where  onshore 
flow  ahead  of  an  unusually  strong  cold  front  brings 
low  clouds  inland. 

Layered  middle  and  high  clouds  associated  with 
western  disturbances  arc  normally  the  only 
well-defined  overcast  layers.  Bases  arc  rarely 
below  8,(KX)  feel  (2,400  meters)  AGL  except  in  an 
occasional  shower,  lops  imong  multilayered  clouds 
tnay  exceed  30, (KK'  feet  (9,(0.)  meters)  MSL.  Frontal 
systems  atid  isolated  showers  provide  the  rare  ceilings 
below  3,(XK)  feel.  Bases  tiverage  hetween  L.SOO  and 
2..‘)(K)  feel  (460  anc'  760  meters)  Atil  Tops  range  from 
3,(KH)-5,(K)0  feet  (9  0-1. .StK)  meters)  M.SL  to  30.(KH)  tcet 
(9,146  meters)  MS!,  with  an  isolated  thunderstorm. 
Bases  may  go  as  low  as  .“itKI  feet  (l.‘>()  meters)  AGL  in 
the  rttre  heavy  shower. 

VlSlBILITIEvS.  Visil)ility  is  rcsiucted  throughout  much 
of  the  season  by  persistent  smoki  aiui  dust  ha/.e  in  and 
near  populated  areas.  This  is  particularly  notieeahlc  near 
large  towns  or  cities  in  mouiutim  valleys  because  of 
temperature  inversions,  low  i  air  ictnperatures 
inefficient  home  heating  sysieois,  and  extensive  brick 
firing.  For  example,  Peshawar  visibility  is  only  4  to  IS 
miles  in  smoke  and  iia/.e,  rti  in  late  alternoon. 
Visibility  at  dawn  can  go  down  >  a  mtle. 


Figure  .3-3.  Mean  Northeast  Monsoon  Cloudiness 
(isopleths)  and  Frequencies  of  Ceilings  Below  3,000 
Feet  (915  meters) ,  Indus  River  Valley. 

Lahore,  because  t)f  ils  larger  population  and  laclorics, 
has  one  of  the  ptxtrrsi  sunrise  visibililies  among  major 
urban  areas.  Rural  regions  away  from  terrain  barriers  do 
not  have  this  problem.  Above  the  inversion  (4,(MK)-.‘),()(K) 
feel/ 1,200- 1, ■‘'(K)rnclcrs  M.SL),  visibility  is  unrestricted. 

Visibilities  are  gotxl  in  the  southern  third  of  (he  Indus 
Valley  except  tilong  the  immediate  Arabian  Sea  coast 
where,  even  without  major  urban  pollution,  the  a'ternoon 
sea  bree/.e  brings  in  marine  salt  ha/e.  Visibilities  in  the 
alternoon  averttge  4  to  6  miles.  Karachi  tuts  the  same 
polliilion-eatised  smoke  tint!  ilusi  ha/e  problem  as  itiland 
l(xalions,  hut  ;i  marked  liind/sea  hree/i'  improves 
visi’iilily. 
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Visibility  in  a  rare  precipitation  event  may 
average  3  to  5  miles.  Light  fog  occurs  briefly  with 
and  after  rain,  but  dense  fog  is  almost  unknown. 
Figure  3-4  shows  frequencies  of  visibility  below  2 
1/2  miles  for  selected  stations  around  sunrise 
(08(X)L)  and  sunset  (I TOOL). 

WINDS.  Gradient  winds  arc  light  northerly  to 
northeasterly.  However,  well-defined  iand/.sca  and 
mountain/vallcy  breezes  may  override  the  gradient 
flow,  particularly  along  the  Arabian  Sea  coast  and 
in  river  valleys  surrounded  by  relatively  .sharp 
mountain  ridges.  Surface  winds  reflect  the  synoptic 
gradient  during  western  di.sturbances.  Speeds  are 
relatively  light.  Figure  3-5  shows  primary  surface 
wind  directions  and  mean  speeds  for  selected 
stations.  Note  that  (except  for  Peshawar,  which  is 
in  a  well-defined  mountain  valley)  Karachi,  Chhor, 
and  Hyderabad  are  the  only  stations  at  which  mean 
winds  .shift  to  the  southwe.st  by  season’s  end. 

General  mid-level  flow  is  northwesterly  at 
southern,  low-elevation  .stations:  winds  at  northern 
stations,  which  are  higher  and  clo.ser  to  the  main 
mountain  ranges,  vary  from  we.sterly  to  northerly. 
See  Figures  3-6a-d  for  representative  5,(KK)-, 
l(),(KK)-,  and  l5.(XK)-foot  (l,5(K)-,  3.(KK)-,  and 
4,6(X)-metcr)  MSL  wind  directions. 


Figure  3-4.  Mean  Northeast  Monsiam  Frequencies  of 
Visibilities  Below  2  t/2  Miles,  Indus  River  Valley. 
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Figure  3-5.  Mean  Northeast  Monsoon  Surface  Wind  Speeds  tkts)  and 
Prevailing  Direction,  Indus  River  Valley. 
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Figure  3'6a.  Mean  Annual  Wind  Direction  for  Karachi,  Pakistan. 


Figure  3'4b.  Mean  Annual  Wind  Direction  for  .lacobabad,  Pakistan. 
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PRECIPITATION.  Western  disturbances  produce 
the  only  precipitation  during  the  Northeast 
Monsoon.  Mean  precipitation  (Figure  3-7) 
averages  under  an  inch  (25  mm)  a  month  for  the 
southern  two-thirds  of  the  Indus  River  Valley. 
Precipitation  only  exceeds  this  amount  north  of  a 
line  from  Khushab  to  Lahore;  amounts  rise  sharply 
&s  one  approaches  the  mountains  to  the  north. 
Rawalpindi/Islamabad,  for  example,  averages 
between  I  and  3  inches  (25  and  75  mm)  a  month. 

Snow  is  common  with  stronger  western 
disturbarKes  on  isolated  ridges  above  3,000  feet 
(915  meters)  MSL  in  the  Hindu  Kush  foothills 
northwest  of  Peshawar,  but  rare  to  nonexistent 
elsewhere.  Newly  fallen  snow  melts  within  3  to  6 
hours. 

Maximum  24-hour  precipitation  amounts  are  the 
result  of  heavy  convection  associated  with  western 
disturbances.  Arabian  Sea  moisture  advected 
inland  ahead  of  fronts  increases  rainfall  at  Karachi. 

The  mountains  in  the  north  and  west  also  enhance 
rainfall.  Low  rainfall  amounts  on  the  Indus  River 
floodplain  reflect  a  lack  of  orographic  lift  and  the 
influence  of  the  Thar  Desert.  Figure  3-7  shows 
mean  seasonal  (isohyeis),  monthly,  and  maximum 
24-liour  precipilatian  for  selected  stations. 

Thunderstorms  (Figure  3-8)  are  rare  in  the 
southern  two-thirds  of  Che  region  until  March,  when 
frequeiKy  rises  as  the  transition  to  the  Southwest 
Monsoon  ^iproaches.  Stations  close  to  the  Hindu  Kush 
see  higher  thunderstorm  frequency  in  March;  for 
example.  Peshawar  jumps  from  less  than  a  half-day  with 
Ihunderstomis  in  December  and  January  to  5  days  hi 
Match.  Although  severe  thunderstorms  are  most 
frequent  in  April  and  May.  they  can  occur  in  March. 
Thunderstorm  bases  are  normally  above  3.000  frrt  (915 
meters)  AGL.  Tops  are  near  30XKK)  feet  (9,100  meters) 
MSL.  but  occasionally  reach  40.000  feet  (12.195  meters) 
MSL  by  the  end  of  March.  The  usual  thunderstorm 
hazards  are  present;  downbursts  are  possible  under  high 
thunderstorm  bases. 


Fignrr  3-7.  Mean  Northeast  Monsoon  Monthly/ 
Maxhnam  ^4•l1oor  Precipitation  (inclies),  Indns 
River  Valley.  IsohycLs  represent  mean  seasonal  rainfall 
totals. 
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Figure  3*X.  Mean  Nurtlieast  Moiiwmni 
ThundersUimi  Days,  Indus  River  Valley. 


TEMPERATURE.  Tempcralures  reflocl  ihe 
predominwilly  clear  in  ihe  soulhcm  half, 

while  increasing  alliUidc  and  snow-covcrcd 
mounlain  range.s  affect  temperatures  in  the  mirthcm 
half.  The  Thar  Desert  has  an  influence  m  the 
southeast.  Sea  breezes  moderate  Karachi 
temperatures.  In  March,  temperatures  rise 
throughout  the  region  with  increasing  insolatKm 
and  a  weakening  Northeast  Monsoon  circulation 


Temperatures  show  at  least  a  22°  F  diurnal  variation 
throughout  the  region,  even  along  the  coast.  By 
March,  stations  near  the  Thar  Desert  show  variations 
of  more  that  30°  F.  Figure  3-9  shows  mean  maximum 
and  minimum  daily  temperatures  for  selected  suitions. 


Figure  3-9.  Mean  Northeast  Monsum  Daily 
Maximum/Minimum  Temperatures  (F),  Indus  River 
Valley. 
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GENERAL  WEATHER.  Cyclonic  activities  (or 
"western  disturbances")  end  rapidly  as  the 
Northeast  Monsoon  breaks  down.  This  is  the 
hottest  time  of  year  as  insolation  increases  rapidly 
and  skies  remain  clear;  the  Southwest  Monsoon’s 
clouds  and  moisture  have  yet  to  appear. 
Upper-level  troughs  still  move  into  the  area  from 
the  Persian  Gulf  and  Iran,  acting  as  triggers  for 
thunderstorms;  they  do  not  have  surface  systems. 

SKY  COVER.  Mean  cloud  cover  (shown  by  the 
isopleths  in  Figure  3-10)  remains  low,  and  is  almo.st 
the  same  as  during  the  Northeast  Monsoon.  Skies 
are  clear  except  for  jet  stream  cirrus  in  the  southern 
half.  Mean  sky  cover  averages  less  than  25%  but 
increases  steadily  to  the  north.  It  exceeds  40% 
north  of  a  line  from  Peshawar  to  Rawalpindi 
because  of  a  combination  of  sponger  upper-air 
troughs  and  increasing  proximity  to  the  Hindu 
Kush.  Ceilings  arc  below  3,000  fect/915  meters 
MSL  less  than  5%  of  the  time  throughout  the 
subregion  except  along  the  Arabian  Sea  Coast 
where  increased  low-level  onshore  flow  from  the 
sea  breeze  is  no  longer  opposed  by  Northeast 
Mon.soon  flow.  The  highest  cloud  cover  occurrence 
at  Karachi  (which  is  15  miles  inland)  is  17%  at 
21(X)  LST  belorc  the  land  breeze  develops;  low 
cloud  occurrence  along  the  immediate  coast  is 
higher. 


The  only  well  defined  middle  and  high  overcasts 
arc  with  the  steadily  decreasing  numbers  of 
"wcsicm  disturbances."  Ba.scs  are  rarely  below 
K.tKX)  feet  (2.4(X)  meters)  AGl.  except  in  ticcasional 
shtiwers  or  isolated  thundershowers.  Multilayered  cloud 
lo{»s  exceed  3(),(MK)  feet  (‘).I(X)  meters)  MSL  Isolated 
Irontal  system  showers  rarely  lower  ceilings  belosx  ^.ODt) 
(cct.  but  when  they  d<i.  bases  average  l.'<*l  2.5<Hl  (eel 
j45t)-7fi(l  meters)  AGL  lops  are  t.(K)0-S.()Oi)  led 
(9U)-I..5<)t)  meters)  MSI.,  and  up  to  ttl.lXX)  leet  (**.l()tt 
fiKters)  MSL  with  an  isolated  thunderstorm  In  a  rare 
heavy  shower,  Kws  may  go  as  low  as  V*)  Uvl  • 
rrKMcrs)  AGL  Coastal  stratus  bases  range  Ironr  "ixi  to 
l,5tm  Icet  (215-457  mete*rs)  AGL,  io|»s  Irom  I  5(i(>  to 
2,5<)t)  leet  (4S7-7b2  meters)  MSI 


Figure  .VIO.  Mean  NE-SW  Mnnsnnn  Tranxilion 
(Tntidinexs  ( isopleths)  and  Frequencies  of  Ceilings 
Below  .5,000  Feel  (915  meters)  Indus  River  Valley. 

VISIBIiJTlF~S.  Visibility  improves  as  the  N(>rthcast 
Monsoon  weakens  Only  larger  inlarHl  Urwns  in  river 
lalless  continue  to  sullcr  low  v.siNIiik's  causal  by  a 
combmalioo  ol  temperature  inversions  ar»d  extensive 
brick  bring,  a  ci>mlitiis)  most  evident  at  i.aborc  and 
Khanpur  \  isibiliiies  in  |Het.ipttatMin  average  LS  miles 
Log  occur'-  briellv  (hiring  and  alter  rains  \  isibililies  arv 
goexi  e' en  along  tlx  imiiH'diate  Arabian  Sea  (  oast.  b»M 
(be  aliemixin  st-a  breeze  brings  m  some  sail  haze 
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THE  INDUS  RIVER  VALLEY 

NORTHEAST  TO  SOUTHWEST  MONSOON  TRANSITION 


April-May 


Afternoon  visibitilics  average  4  to  6  miles.  Figure  3-11 
shows  frequencies  of  visibility  less  than  2  1/2  miles  for 
selected  stations  around  sunrise  (U8(X)L)  and  sunset 
(1700L). 


River  Valley. 


WINDS.  Gradient  winds  arc  mostly  light  and 
variable;  however,  surface  winds  become  light 
southwesterly  by  the  transition’s  end,  reflecting  the 
increasing  influence  of  the  Southwest  Mons(K)n. 
Well-defined  land/sca  and  mounta  n/vallcy  breezes 
are  the  predominant  local  wind  systems,  c.specially 
along  tbe  Arabian  Sea  coast  and  in  river  valleys 
surrounded  by  sharp  mountain  ridges.  Surface 
winds  may  reflect  the  synoptic  gradient  clo.se  to  the 
strongest  western  disturbances.  Figure  3-12  .shows 
primary  surface  wind  directions  and  mean  speeds  for 
selected  stations.  Refer  to  Figures  3-6a-d  for 
representative  5,(K)0-,  10,(K)0-,  and  15,(KK)-f(X)l 
(1,500-,  3,000-,  and  4,600-meter)  MSL  wind 
directions. 
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Figure  3-12.  Mean  NE-SW  Mnnsium  Transition 
Surface  Wind  .Speeds  (kts)  and  Prevailing 
Direction,  Indus  River  Valley. 
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THE  INDUS  RIVER  VALLEY 

NORTHEAST  TO  SOUTHWEST  MONSOON  TRANSITION 


AprIl'May 


PRECIPITATION.  Rainfall  averages  bclwccn  0.1  and 
I  inch  (2.S-2S  mm)  a  month  at  all  locations  except  for 
those  near  the  Hindu  Kush.  Islamabad  (Rawalpindi)  and 
Peshawar  gel  between  I  and  2  inches  (25-50  mm)  a 
month  from  orographic  thunderstorms  during  western 
disturbances. 

Maximum  24-hour  precipitation  amounts  reflect  tne 
heavy  convection  as.s(Kiatcd  with  western  disturbances, 
the  only  precipitation-producing  mechanisms  during  the 
NE-SW  Monsoon  transition.  Arabian  Sea  moisture  at 
Karachi  and  in  the  norlhcm  and  western  mountains 
increases  precipitation  at  those  locations.  Southern 
stations  east  of  the  Indus  River  get  less  rainfall  because 
of  the  Thar  Desert  and  a  lack  of  orographic  lift.  Figure 
3-13  gives  mean  seasonal  rainfall  (isohyets)  and  mean 
monthly/maximum  24  hour  precipitation. 


Thunderstorms  occur  1  day  or  less  a  month  in  the 
southern  two-thirds  of  the  region,  except  in  Hyderabad, 
where  they  occur  once  every  4  to  5  days,  developing  over 
mountains  to  the  west.  The  same  frequency  is  found 
north  of  a  line  from  Dera  Ismail  to  Lahore. 

Severe  thunderstorms  (called  "northwesters"  locally) 
ate  most  frequent  now  because  of  increasing  moisture, 
higher  tempcralutes,  and  western  disturbances.  Actual 
frequency,  however,  varies  greatly  from  one  year  to 
another.  Thunderstorm  ba.ses  are  normally  above  3,(XK) 
feel  (915  meters)  AGL;  lops  aie  40, (XK)  feel  (12.2  km) 
MSL,  rising  to  more  than  50,(XX)  feel  (15.2  km)  MSL  in 
the  strongest  storms.  The  usual  thunderstorm  hazards 
occur.  DownbursLs  arc  possible,  as  well  us  winds  greater 
than  50  knots  and  large  hail. 


Figure  3-13.  Mean  NE-SW  Monsoon  Transition 
Monihly/Maximum  24-Hour  Precipitation,  Indus 
River  Valley,  Ksohyels  represent  mean  seasonal  rainfall. 


Figure  3-14.  Mean  NE-SW  Monsoon 
Thunderstorm  Day.s,  Indus  River  Valley. 


Transition 
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THE  INDUS  RIVER  VALLEY 

NORTHEAST  TO  SOUTHWEST  MONSOON  TRANSITION 


AprII-May 


TEMPERATURE.  Temperatures  reach  their  annual  moderate  Kanrehi’s  temperatures,  where  highs  are  "only" 
maximums,  reflecting  the  predominantly  clear  skies  94-%“  F  (34-36°  C).  Stations  near  the  Thar  Desert  show 
across  much  of  the  region.  Temperatures  rise  rapidly  diurnal  variation  of  more  than  30°  F  (17°  C).  Variations 

except  on  the  Arabian  Sea  Coast.  Even  stations  close  to  of  25°  F  (14°  C)  are  common  throughout  the  region, 

mountain  ranges  in  the  northern  half  sec  highs  at  or  except  along  the  Arabian  Sea  cottsi  where  increasing 
above  1(X)°  F  (38°  C).  Highs  in  tlie  southern  half,  except  moisture  holds  the  range  to  18°  F  (10°  C)  by  mid-May. 
for  Karachi,  are  close  to  1 10°  F  (43°  C).  Sea  breezes 


Figure  3-15.  Mean  NE-SW  Monsoon  Transition  Daily  Maximum/Minimum 
Temperatures  (F),  Indus  River  Valley. 
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THE  INDUS  RIVER  VALLEY 

SOUTHWEST  MONSOON 


GENERAL  WEATHER.  This  Southwest 
Monsoon  is  the  rainy  season.  Extremely  strong 
upper-level  troughs  occasionally  aft'ect  the 
extreme  northern  edge  of  the  region,  causing 
"mon.soon  breaks"  that  greatly  reduce  the  amount 
of  badly  needed  precipitation  in  tlie  northeastern 
quarter. 

SKY  COVER.  Mean  cloudiness  (Figure  3-16) 
increases  most  rapidly  in  the  extreme  south. 
Total  sky  cover  averages  more  than  60%  along 
the  coast,  decreasing  to  25-30%  at  Nawabshah. 
Most  cloud  cover  is  stratus,  but  some  is  cumulus 
with  showers.  Over  the  northern  half,  mean  sky 
cover  is  20-30%.  Increasing  cloudiness  in  the 
extreme  northeast  reflects  westward  intrusions  of 
monsoon  depressions  with  cumulus  and  showers. 
Ceilings  are  below  3,000  feet  (915  meters)  AGL 
less  than  7%  of  the  time  except  near  the  coast;  at 
Karachi,  ceilings  are  below  3,000  feet  (915 
meters)  AGL  40-55%  of  the  time,  with  little 
diurnal  variation. 

Low  clouds  along  immediate  coasts,  and  those 
in  and  around  a  dying  monsoon  depre.ssion,  form 
the  only  well-defined  overcasts.  Middle  and  high 
layers  are  also  associated  with  monsoon 
depressions  or  with  a  dying  subtropical  cyclone. 
Bases  are  rarely  below  6,(XX)  feet  (1,8(X)  meters) 
AGL  except  in  the  occasional  shower. 
Multilayered  cloud  tops  can  exceed  40,000  feet 
(9,100  meters)  MSL.  Bases  average  1,500-2,500 
feet  (460-760  meters)  AGL  in  showers.  Tops 
range  from  3,(XX)  to  5,000  feet  (915  to  1,500 
meters)  AGL,  and  up  to  45,0(X)  feet  (13.7  km) 
MSL  with  thunderstorms  near  monsoon 
depressions.  Bases  may  go  as  low  as  5(X)  feet 
(150  meters)  AGL  in  heavy  showers. 


June-Septemb«r 


Figure  3-16.  Mean  Southwest  Monsoon  Cloudiness 
(isopleths)  and  Frequencies  of  Ceilings  Behiw  3,000 
Feet  (915  meters),  Indus  River  Valley. 
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THE  INDUS  RIVER  VALLEY 

SOUTHWEST  MONSOON 


June-September 


VISIBILITIES.  Visibility  is  restricled  by  persiclent  Arabian  Sea  Coast.  Even  though  the  ariemoon  sea 

snM)ke  Mid  dust  haze  in  and  near  major  populated  arers  breeze  brings  in  salt  haze,  sustained  wind  flow  keeps 

where  there  is  no  steady  wind  flow.  This  is  paiticularlY  visibility  high.  Visibilities  in  rain  average  .3-3  miles  but 

noticeable  near  large  towns  or  cities  in  mountain  valleys,  can  go  as  low  as  1/2  mile.  Fog  occurs  during  and  after 

especially  Khanpur  and  LalK)re,  where  temperature  rains.  Early  morning  ground  fog  occurs  briefly  over 

inversions  and  extensive  brick  firing  are  the  primary  marshes, 

causes.  Visibilities  are  better  along  the  immediate 


Figure  3-17.  Mean  Southwest  Monsooii  Frequencies  of  VisibilKics  Below  2  1/2 
Miles,  Indus  River  Valley. 
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THE  iND'JS  RIVER  VALLEY 

SOUTHWEST  MONSOON 


June-Sepiember 


WINDS.  Gradienl  winds  arc  lif'hl,  from  (he  soiilhwesl 
or  southeast.  Well-delined  land/sca  and  mountain/vallcy 
breezes  may  override  gradient  flow,  but  tl»c  land  breeze 
along  the  Arabian  Sea  coast  is  rarely  strong  enough  to 
override  onshore  flow.  Winds  in  and  around  a  mon.soon 
depression  reflect  the  synoptic  gradient.  Speeds  are 
higher  in  the  north  due  to  monsoon  depressions  and 
thunderstorms.  Figure  3-18  shows  primary  surface  wind 


directions  and  mean  speeds  for  .selected  stations.  Note 
that  only  mountain  valley  stations,  such  as  Peshawar,  arc 
exceptions  to  Southwest  .Monsoon  flow. 

Refer  to  Figures  3-6a-d  for  reprc.scntativc  .5,(XK), 
l(),(KK),  and  15,(KX)-foot  (l,5(K)-,  3,(K)0-,  and 

4,6(X)-metcr)  MSL  wind  directions. 
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Figure  3-18.  Mean  Southwest  Monsoon  Surface  Wind  Speeds  (kts)  and 
Prevailing  Direction,  Indus  River  Valley. 


THE  INDUS  RIVER  VALLEY 

SOUTHWEST  MONSOON 


June-September 


PRECIPITATION.  Mean  rainfall  amounts  shown  in 
Figure  3-19  reflect  relative  distances  from  the  Arabian 
Sea  Coast  and  from  the  Ganges  River  Valley  of  northern 
India-the  preferred  track  for  monsoon  depressions. 
Rainfall,  even  near  the  Thar  Desert,  averages  1-2  inches 
(25-50  mm)  a  month.  Stations  close  to  the  Arabian  Sea, 
near  the  preferred  monsoon  depression  track,  or  clo.se  to 
the  mounUtins,  get  the  most  rainfall;  examples  are 
Karachi,  Lahore,  and  Peshawar. 

Maximum  24-hour  rainfall  amounts  reflect  heavy 
Southwest  Monsoon  convection.  Peak  rainfall  events 


occur  in  the  highest  northern  and  northwestern  sections 
of  the  region  about  once  every  4  years.  This  abnonnal 
penetration,  discussed  under  "Transitory  Synoptic 
Features,"  is  caused  by  a  cut-off  low  over  southern  Iran 
and  a  westward  extension  of  the  Tibetan  200  mb 
anticyclone  to  nearly  the  longitude  of  Rawalpindi, 
Experienced  Indian,  Pakistani,  and  Iranian 
meteorologists  believe  that  this  phenomenon,  which 
originates  as  an  omega  bkxk  over  the  southern  portion  of 
the  European  Soviet  Union,  is  the  cause  of  highly 
abnormal,  widespread  precipitation  over  northwestern 
Pakistan,  Afghanistan,  and  Iran. 


Figure  3-19.  Mean  Southwest  Monsorm  Monthly/Maximum  24-H(>ur 
Precipitation,  Indus  River  Valley.  Isohyets  represent  mean  seasonal  rainfall. 


THE  INDUS  RIVER  VALLEY 

SOUTHWEST  MONSOON 


June- September 


Thundcrslorm  frequency  increases  over  the  entire 
region;  they  occur  in  the  extreme  north  almost  every 
other  (lay.  Severe  stomas  are  rare.  Thunderstorm  bases 
are  normally  above  .3, ()()()  feet  (915  meters)  AGL.  Tops 
are  near  40, 000  feet  (12.2  km)  MSL,  but  can  reach 
50, (KK)  feet  (15.2  km)  MSL.  The  usual  thunderstorm 
hazards  arc  present. 


TEMPKRA  rURlC.  Decreasing  temperaf  res  reflect 
somewhat  cloudier  skies,  especially  in  the  southern  half. 
The  inllucncc  of  the  Thar  Desert  in  the  southeast  is 
largely  countered  by  moist  southwest  How  that  holds 
temperatures  down  but  makes  conditions  cxtrcnscly 
uncomfortable,  Karachi  and  Hyderabad  temperatures 
show  Southwest  Monsoon  inllucncc,  while  temperatures 
in  the  extreme  north  arc  inllucnced  more  by  the 
mouniiiins. 
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Diurnal  variation  decreases  throughout  the  region, 
showing  the  effetets  of  increa.sed  cloudiness  and  humid 
air  over  much  of  the  area.  Figure  3-2 1  shows  mean 
maximum  and  minimum  temperatures. 


THE  INDUS  RIVER  VALLEY 

SOUTHWEST  TO  NORTHEAST  MONSOON  TRANSITION 


October-November 


GENERAL  WEATHER.  By  mid  to  late 
September,  the  Southwest  Monsoon  has 
withdrawn  from  most  of  Pakistan;  western 
disturbances  have  yet  to  fully  appear. 
Temperatures  moderate  as  insolation  decreases. 
By  the  end  of  the  Uansilion,  upper-level  troughs 
begin  to  move  in  from  the  Persian  Gulf  or  Iran. 

SKY  COVER.  Mean  cloud  cover  (isoplcths  in 
Figure  3-22)  decreases  to  less  than  25%  during 
October  and  November.  Skies  are  clear  except 
for  clouds  caused  by  an  occasional  western 
disturbance  and  some  jet  stream  cirrus  in  the 
southern  half.  Sky  cover  increases  steadily  in  the 
northern  half  because  of  increasing  upper-air 
trough  passages  and  relative  proximity  to  the 
Hindu  Kush.  Ceilings  are  below  3,0(K)  feet/915 
meters  AGL  less  than  1%  of  the  time  except  in 
the  extreme  south.  The  highest  occurrence  (6%) 
is  along  the  Arabian  Sea  coast,  as  onshore  flow 
with  a  sea  breeze  brings  moisture  inland. 

The  only  well-defined  overcasts  arc  middle 
and  high  cloud  layers  associated  with  the  isolated 
western  disturbance  in  November.  Bases  arc 
rarely  below  8,(KK)  feet  (2,400  meters)  AGL 
except  with  the  occasional  shower.  Tops  in 
multilayered  clouds  may  exceed  30,(KK)  feet 
(9, UK)  meters)  MSL.  The  rare  low  ceiling  north  of 
the  immediate  Arabian  Sea  Coast  is  caused  by  an 
upper-air  trough  or  an  isolated  early  October 
thunderstorm;  bases  average  l,5(X)-2,5()0  feet 
(460-760  meters)  AGL.  Tops  range  from  3,(K)0  to 
5,0(X)  feet  (915  to  1,500  meters)  MSL,  but  can 
reach  30,(KX)  feet  (9,146  meters)  MSL.  lii  a  rare 
heavy  shower,  bases  may  go  as  low  as  5(X)  feet 
(150  meters)  AGL.  Coastal  stratus  bases  range 
from  1,(XX)  to  1,5(K)  feet  (300  to  460  meters) 
AGL;  tops  range  from  1 ,5(X)  to  2.5(X)  feet  (460  to 
760  meters)  MSL. 


Figure  3-22.  Mean  .SW-NE  Mt.n.scon  Transition 
Cloudiness  (i.sopleths)  and  Frequencies  of  Ceilings 
Below  3,000  Feet  (915  meters),  Indus  River  Valley. 
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THE  INDUS  RIVER  VALLEY 

SOUTHWEST  TO  NORTHEAST  MONSOON  TRANSITION 


October-November 


VISIBILITIES.  Visibililies  are  ihe  best  of  Ihe  yeiir. 
The  only  major  restrictions  are  in  large  towns  or  cities 
where  inversions,  increasingly  lower  nighttime 
temperatures,  inefficient  home  heating  systems,  ami 
extensive  brick  firing  result  in  widespread  smoke  and 
dust  haze.  Visibilities  are  worst  in  the  northeast  at 
Lahore  and  Khanpur  where  visibilities  in  rain  average  3 
to  5  miles. 


WINDS.  Gradient  winds  become  light  from  the  north  or 
northeast,  icficcting  the  onset  of  the  Northeast  Monsewn. 
Well-defined  land/sca  and  mountain/valley  breezes  may 
override  the  gradient  flow,  especially  along  the  Arabian 
Sea  coast  and  in  river  valleys  surrounded  by  shtup 
mountain  ridges.  Figure  3-24  shows  primary  surface 
wind  directions  and  mean  speeds  for  selected  stations. 
Local  conditions  .seem  to  determine  wind  directions. 
General  mid-level  flow  slowly  reverts  to  the  Northeast 
Monsoonal  patterns  shown  in  Figure  3-6a-d. 
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Figure  3-24.  Mean  SW-NE  Monsoon  Transition 
Surface  Wind  Speeds  (kts)  and  Prevailing 
Direction,  Indus  River  Valley.  The  slashes  between 
wind  directions  for  Chhor,  Khanpur,  and  Karachi 
denote  prevailing  directions  at  the  beginning  and  end 
of  the  transition  season. 


Figure  3-23,  Mean  SW-NE  Monsoon  Transition 
Frequencies  of  Visibilities  Below  2  1/2  Mile.s,  Indus 
River  Valley. 


THE  INDUS  RIVER  VALLEY 

SOUTHWEST  TO  NORTHEAST  MONSOON  TRANSITION 


October-November 


PRECIPITATION.  Mean  rainfall  amounLs  (Figure 
3-2.‘5>  drop  dramatically  as  Southwest  Monsoon  moisture 
is  no  longer  available.  Even  stations  close  to  the  Hindu 
Kush  see  very  little  precipitation.  Mean  monthly  rainfall 
averages  less  than  0.6  inches  (15  mm)  at  all  locations. 
Maximum  24-hour  precipitation  amounLs  rellect  the 
remaining  heavy  convection  associated  with  i.solatcd 
upper-air  trough  passages,  They  also  reflect  orographic 


showers  in  the  north  and  west.  Precipitation  totals  at 
l(Kation.s  east  of  the  Indus  River  (south  of  28°  N)  reflect 
the  lack  of  orographic  effect  and  the  inllucnce  of  the 
Thar  Desert.  Snow  is  unknown  except  in  the  foothills 
surrounding  extreme  northern  and  northwestern 
l(K;ations.  Figure  3-25  show  mean  seasonal  rainfall 
(i.sohyets)  and  monthly/maxiimim  24-hour  precipitation 
for  .selected  stations. 


THE  INDUS  RIVER  VALLEY 

SOUTHWEST  TO  NORTHEAST  MONSOON  TRANSITION 


October-November 


Thundcrslorms  arc  rare  cxccpi  lor  ihosc  if>  (Kiober  depression.  Thundersuirm  bases  arc  normally  above 
over  ihe  cxlrcmc  south  and  north.  Hyderabad,  in  the  .V(KH)  Icet  (‘>15  meters)  ACiL,  and  tops  arc  nair  40, (KK) 
extreme  south,  shows  a  small  peak  of  .1  to  4  days  in  Icci  (12.2  km)  MSL.  The  usual  thunderstonn  hazards, 
October,  possibly  Irom  the  remains  of  a  tropical  inclutlin);  downbursts,  arc  present. 


Figure  3-26.  Mean  SW-NF.  Monsrmn  I'ransilion  Thunderstorm  Days,  Indus 
River  Valley. 


THE  INDUS  RIVER  VALLEY 

SOUTHWEST  TO  NORTHEAST  MONSOON  TRANSITION 


October-November 


TKIMPKRATURK.  Decreasing  temperatures  reflect 
decreasing  insolation  and  mostly  clear  skies  in  the 
southern  half  of  the  region.  Karachi  temperatures  show 
the  effects  of  the  October  sea  breezes  that  begin  to 
diminish  in  November. 


There  arc  large  diurnal  temperature  variations 
throughout  the  region.  Stations  near  the  Thar  Dc.sert,  for 
example,  see  diurnal  variations  of  more  than  .lO”  F  (17'^ 
C)  by  November.  Variations  of  2.‘1°  F  (14°  C)  arc 
common  throughout  the  region,  even  along  the  Arabian 
Sea  coast. 


Figure  3-27.  Mean  SW-NK  Monsoon  Tran.sition  Daily  Maximum/Minimum 
Temperatures  (F),  Indus  River  Valley. 
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Chapter  4 

THE  EASTERN  MOUNTAINS 


The  Easlerri  Mountains  comprise  the  Karakoram  Ranges  (or  western  Himalayan  Mountains)  of  northern  Pakistan 
and  northeastern  Afghanistan,  the  Hindu  Kush  ranges  in  north/ccntral  Afghanistan,  and  the  mounuiin  ranges  of 
western  Pakistan.  After  describing  the  area’s  situation  and  relief,  this  chapter  discus.scs  "general  weather  conditions" 
by  season.  Because  conditions  change  rapidly  from  one  mountain  valley  to  another,  all  cloud  heights  in  Chapter  4 
are  given  in  feet  above  mean  sea  level  (MSL)  unle.ss  otherwi.se  staled. 
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Figure  4-II).  Climatological  Summaries  I'or  Selected  Kastern  Mountain  Sites. 
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Figure  4-lc.  More  Climatological  Summaries  for  Selected  Fastern  Mountain  Sites. 
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Figure  4-2.  The  Kastern  IMountains  Region,  Showing  Mountain  Ranges  and  Rivers.  This 
region  includes  ihe  rugged,  fold-iind -fault  mountains  of  Afghanistan  and  Pakistan;  some  o(  the 
highest  elevations  in  the  world  are  found  here. 
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(JROCJRAPHY.  As  shown  in  Figure  4- la,  ihc  northern 
boundary  of  the  Eastern  Mountains  extends  westward 
from  77°  40’  E  along  the  Pakistan  and  Afghanistan 
borders  with  China  and  the  Soviet  Union.  The  western 
boundary  runs  along  the  Iran-Afghanistan  border  for  25 
miles  before  joining  the  6,560-foot  (2,(K)0-mcter)  contour 
along  the  Paropamisus  ridge  line.  This  contour  is 
followed  southeast,  then  south,  to  the 
Afghanistan-Pakistan  border  near  31°  N,  67°  E.  The 
boundary  follows  the  border  about  75  NM  south  to  the 
3,280-foot  ( 1 ,000-mcter)  contour,  which  serves  as  the 
boundary  around  the  Ras  Koh  Range  until  it  reaches 
Nihing,  Pakistan.  A  short  10-NM  line  then  extends 
eastward  to  Gidar,  Pakistan,  and  the  Hingol  River.  The 
western  boundary  then  follows  the  Hingol  River  to  the 
656-foot  (20()-meter)  contour  near  the  Arabian  Sea  coast. 
The  .southern  boundary  follows  that  contour  to  the  Hab 
River.  The  eastern  boundary  follows  the  Hab  River 
north  to  the  (3,28()-foot)  l,()00-meter  contour,  then 
continues  north  until  it  intersects  with  the  cease-fire  line 
that  marks  disputed  territory  claimed  by  India,  Ptikistan, 
and  China. 

Afghanistan’s  Hindu  Kush,  the  largest  range  in  the 
region,  runs  400  NM  from  the  Karakoram  Range  into 
central  Afghanistan.  Most  peaks  arc  between  15,000  and 
22,000  feet  (4,6(X)  and  6,700  meters)  MSL.  The  highest, 
Tirich  Mir  at  25,263  feet  (7,702  meters),  lies  along  the 
Pakistan-Afghanistan  border  near  36°  N,  72°  E. 
Numerous  mountain  passes,  averaging  12,000  feet  (3,7(K) 
meters)  MSL,  dot  the  Hindu  Kush. 

A  series  of  ranges  branches  out  from  the  main 
highlands,  extending  west  of  the  Hindu  Kush  and 
averaging  10,(XK)- 14,000  feet  (3,(XK)-4,300  meters)  MSL. 
These  ranges  are  .separated  by  deep  river  valleys  and 
gorges:  pa.s.sc.s  are  at  8,(XX)-1 1,000  feel  (2,4(X)-3,4(X) 
meters)  MSL.  The  northernmost  range  (the 
Band-i-Turkestan)  is  100  NM  long-its  highest  elevation 
is  11,590  feet  (3,530  meters)  MSL.  The  Band-i-Baba 
(1(X)  NM  long),  the  Paropamisus  (325  NM  long),  and  the 
Band-i-Baian  ranges  extend  westward  towards  Iran. 
Shah  Fuladi  (16,872  feel/5,144  meters  MSL)  is  the 
highest  peak  in  the  three  ranges.  The  Siah  Koh  Range, 
oriented  northeast  to  southwest,  runs  150  NM  in  west 
central  Afghanistan.  The  highest  peak  is  12,(XX)  feet 
(3,7(X)  meters)  MSL. 

The  Karakoram  Range  extends  4(X)  NM  from  the 
Afghanislan/Pakistan  border  to  India  and  China;  it  lir.ks 
the  Hindu  Kush  to  the  Himalayas.  Pctiks  here  arc  mostly 


16,(XX)-23,(X)()  feet  (4,9(X)-7,(XX)  meters)  MSL,  with 
many  glaciers.  K2,  or  Ml  Gtxlwin  Au.slen,  is  the  highcsi 
peak  in  the  area  at  28,250  feet  (8,613  meters)  MSL.  K2 
is  located  along  the  Pakistitn  and  China  border  near  36° 
N,  76°  E. 

The  Eastern  Mountains  include  a  scries  of 
discontinuous  ranges  south  of  the  Hindu  Kush,  most 
oriented  north  to  south  throughout  southern  and 
west-central  Pakistan.  The  Safed  Koh  Range  is  the  only 
wcsi-io-casl  ridge  line;  it  forms  the  .southern  edge  of  the 
Kabul  River  Valley.  The  Khyber  Pass  (3,.500  fcct/1,000 
meters  MSL)  is  the  main  pas.sage  from  the  Indus  River 
Valley  into  the  Hindu  Kush.  Elevations  arc  mostly 
8,0(X)-12,(XX)  feet  (2,4(X)-3,7(X)  meters)  MSL,  with  a  high 
point  of  15,620  feet  (4,800  meters)  MSL  at  Sikaram.  The 
other  southern  mountain  ranges  include  the  Toba-Kakar, 
the  Sulaiman,  the  Ras  Koh,  and  the  Central  Brahui. 
These  arc  120  to  300  miles  long  and  reach  5,(X)0-9,(X)0 
feel  (1,.5(X)-2,7(X)  meters)  MSL.  Passes  here  average 
3,(XX)-9,(XX)  feel  (9(X)-2,7(X)  meters)  MSL.  Fiirthcr  south 
are  the  Kirthar  and  Pab  Ranges,  where  elevations  arc 
6,(XX)-7,(X)0  feet  (l,8(X)-2, 100  meters)  MSI..  The  Kirthar 
Range  is  20  NM  wide  and  220  NM  long.  Its  limestone 
ridges  contain  numerous  hot  springs.  The  Pab  Range 
contains  four  finger-like  ridge  crests,  each  averaging  20 
to  70  NM  wide.  The  entire  Pab  is  190  NM  long,  and  it 
extends  to  within  5  NM  of  the  Arabian  Sea.  Elevations 
in  the  Kirthar  and  Pab  ranges  arc  .3,(X)0-6,0(K)  feel 
(900-1,800  meters)  MSL. 


DRAINAGE  AND  RIVER  SYSTEMS.  The 
headwaters  for  many  tributaries  of  the  Indus  and  other 
important  rivers  arc  in  the  Eastern  Mountains.  Most 
rivers  Mow  through  extremely  deep  gorges  and  ravines  in 
the  high  mounuiins 

The  Indus  is  one  of  the  major  rivers  of  the  world;  it 
flows  for  I.9(X)  NM  from  the  Chinese  Himalayas  to  the 
Arabian  Sea.  It  has  many  tributaries.  The  Gilgit  River, 
originating  from  a  glacier  in  the  Hindu  Kush,  forms  a 
sinuous  canyon  along  its  150-NM  course  before  joining 
the  Indus.  The  Kabul  River,  flowing  through  the  Khyber 
Pass,  originates  in  the  Koh-i-Baba  Mounuiins  and  Hows 
320  NM  before  entering  the  Indus  in  north  central 
Pakistan.  The  Gumal  River,  originating  in  the  Katuisang 
Hills,  and  the  Zhob  River,  originating  in  the  Toba-Kakar 
Range,  meet  near  32°  N,  70°  E.  The  Gumal  is  a  seasonal 
waterway  along  its  lower  cour.sc  (below  3,280  Icct/1 ,000 
meters  M.SL). 
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Three  rivers  doniinaie  the  western  ranges  of  the 
region.  The  7(X)  NM  Hari  River  licgins  in  the 
Band-i-Baba  Range,  separating  it  from  the  Band-i-Baian. 
The  river’s  northward  sweep  into  the  USSR  forms  the 
Afghanistan-Iran  border  before  ending  in  the  Turkman 
Province  of  the  USSR.  Farther  south,  the  Farah  River  is 
l(x;ated  between  the  Hari  and  Helmand  Rivers.  The 
Farah  originates  along  the  .southern  Band-i-Baian.  It 
flows  350  NM  .southwest  to  the  Scistan  depression 
(discus.sed  in  Chapter  5)  that  covers  southwestern 
Afghani, Stan.  The  7(X)  NM  Helmand  River,  .starting  in 
the  Koh-i-Baba,  also  drains  into  the  Scistan  Depression. 

The  Hingol  and  Hab  Rivers  arc  the  most  important 
waterways  in  extreme  southern  Pakistan.  The  Hingol, 
the  longest  river  in  southern  Pakistan,  originates  in  the 
Central  Brahiii  and  forms  a  narrow  gorge  from  the 
Central  Brahui  to  within  30  NM  of  the  Arabian  Sea.  The 
Hab’s  source  is  in  the  north  Pab  Range;  it  empties  into 
the  Arabian  Sea. 


LAKKS  AND  RKSKRVOIRS.  Although  there  are  no 
major  lakes  or  reservoirs  in  the  region,  numerous  small 
glacicr-fcd  lakes  are  scattered  throughout  the  highest 
mountains  of  the  Hindu  Kush  and  the  Karakoram 
Ranges. 

VKUKTATION.  Thick  forests  grow  on  the  slopes  ol 
the  high  mountains  and  arc  particularly  luxuriant  on  the 
slopes  of  the  Hindu  Kush.  Juniper,  ash,  oak,  walnut,  and 
various  shrubs  grow  to  aliout  .5,5(K)  feet  (1,700  meters) 
MSL.  Cedars  arc  common  between  5,.5(X)  and  7,2(X)  feet 
(1,700  and  2,2(K)  meters)  MSL.  Fir  and  pine  trees 
dominate  between  7,200  and  10,000  feet  (2,200  and 
3,000  meters)  MSL.  Lichens  and  mos.scs,  typical  of 
alpine  vegetation,  arc  found  between  the  tree  line  (10,(X)0 
l'ecl/3,0()0  meters  MSL)  and  the  pennanent  snow  cap. 
Vegetation  in  the  lower  foothills  of  AfghanisUin  and 
Pakistan  is  less  plentiful.  Junipers,  .scrub  bush,  and 
grasses  may  be  Ibund  along  the  higher  slopes  up  to  1,000 
fcel/3,400  meters  MSL. 
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(JKNF.RAL  WRATHKR.  Winters  in  the  Eastern  cloutls,  precipitation,  icing,  turbulence,  iow  ceilings  or 

Mountains  are  so  severe  that,  as  of  1988,  Pakistani  mountain  obscuration,  and  poor  visibilities)  arc  most 

Airlines  could  not  guarantee  service  from  mid-November  marked  in  the  northeastern  part  of  the  region, 

through  early  May  to  station,?  etist  of  a  line  drawn  from 

Termenz  to  Jalalabad.  On  numerous  occasions,  airline  Conditions  moderate  dramatically  .southwest  of  a  line 
service  to  stations  in  the  central  Hindu  Kush  was  not  drawn  from  Termenz  to  Jalalabad.  Snow  occurs  at 

available  for  4  to  6  weeks.  elevations  as  low  as  2,(XK)  feet  (6(K)  meters)  and  as  far 

.south  as  Quetta  once  evciy  4  to  5  years.  The  rare  snow 
Winter  and  spring  snowfall  results  in  extensive  event  requires  a  combination  of  abnormally  cold  air  and 

snowpacks  in  the  higher  ranges.  Snowpacks  arc  unusually  strong  western  disturbances, 

permanent  above  1 1 ,8(K)  feet  (3,6(K)  meters). 

SKY  COVKR.  Mean  monthly  sky  cover  increases 
"Western  disturbances"  (the  local  name  for  transitory  dramatically  north  of  28°  N.  It  exceeds  40%  north  and 

upper-level  troughs  and,  often,  their  associated  surface  west  of  a  line  from  Quetta  to  Peshawar,  and  is  110%  over 

cold  fronts)  cross  the  Hindu  Kush  every  4  to  6  days.  The  the  Hindu  Kush  and  Karakoram  Ranges, 
effects  of  these  phenomena  (which  include  multilayered 


Figure  4-3.  Mean  Winter  Cloudiness  (i,s«»pleflis)  and  Frequencies  of  Ceilings  Below  3,000 
Feet  (915  meters),  Fastern  Mountains.  Because  of  terrain,  the  Ireiiueneies  shown  here  are 
unique  to  individual  stations  and  not  necessarily  rcpreseniaiive  of  any  other  area. 
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Rf'lwecn  western  disturbances,  cloud  cover  is  usually 
conlined  to  cirrus,  but  the  formation  of  cumulus,  with 
bases  at  8,0(K)  to  I2,()0()  feet  (2,400  to  4,4(M)  meters),  is 
normal  during  the  day  over  the  main  ranges.  Tops  range 
from  14,(XK)  to  18,(KH)  feet  MSL  (4,3(K)  to  .S.StK)  meiem). 

Conditions  deteriorate  for  48  hours  before  the  on.sel  of 
a  western  disturbance,  during  its  passage,  and  for  36  to 
48  hours  after  passage.  In  the  northeast,  mountains 
above  5,(XK)  feel  (1,5(X)  meters)  MSL  are  obscured; 
multilayered  clouds  extend  to  33,(XX)  feet  (10.7  km) 
MSL.  There  is  moderate  to  severe  mi.xcd  icing  and 
turbulctice.  In  mountain  valleys,  ceilings  arc  as  low  as 
3(X)  to  5(X)  feet  (90  to  150  meters)  AGL  in  rain  or,  above 
3,(XX)  feet  (915  meters),  in  snow. 

Conditions  improve  rapidly  soulhwe.st  of  a 
Termcnz-Jalalabad  line.  Except  for  local  terrain  effects, 
the  strongest  of  western  disturbances  rarely  lowers  valley 


ceilings  below  3,(X)0  feet  (9(H)  meters)  AGL.  Ridges  arc 
obscured  above  6,(XX)  feet  (1,830  meters)  only  by  the 
strongest  systems.  Multilayered  broken  to  overcast 
clouds  have  bases  near  1(),(XX)  feel  (3, (XX)  meters)  and 
extend  to  30, (XX)  feet  (9.1  km)  MSL.  Cuinuliform  clouds 
with  showers  occur  along  the  trough  axis,  lowering 
ceilings  to  6,(X)()  feet  (1,8(X)  meters)  MSL.  Moderate 
mixed  icing  and  moderate  to  severe  turbulence  tire  found 
in  clouds  over  ridges. 

VISIBILITY.  The  visibilities  shown  in  Figure  4-4  are 
representative  of  valley  stations  only.  We  must  assume 
that  visibility  in  cloud,  which  ob.scurcs  most  mountains 
above  6  (XX)  to  7,(XX)  feet  (1,830  to  2,135  meters)  MSL, 
is  zero.  Poor  visibilities  at  North  Salang  and  Kabul  arc 
caused  by  snow.  Low  early  morning  visibility  at  Quetta 
is  from  smoke.  At  other  stations,  low  visibilities  arc 
caused  by  a  combination  of  precipitation  and/or  early 
morning  fog. 


Figure  4-4.  Mean  Winter  Frequencies  of  Visibilities  Below  3  Miles,  F.astern  Mountains. 

Because  of  terrain,  the  frequencies  shown  here  are  unique  to  individual  suuions  and  not 
necessarily  representative  of  any  other  area. 
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WINDS.  Surface  winds  arc  mostly  lerrain-conirollcd, 
especially  in  Ihc  norlheasl.  Except  over  ridges, 
inountain/valley  orientation  determines  wind  direction 
even  when  there  is  a  stfong  synoptic  gradient.  Figure  4-,^ 
shows  me.an  surface  wind  speeds  and  directions  for 
selected  stations.  Speeds  at  low  levels  rire  light  (usually 
less  than  4  knots),  but  considerably  higher  on  ridge  lops 
and  at  higher  stations  such  as  North  Salang  and  Ghazni 


in  Afghanistan.  The  highe.sl  peaks  of  the  Hindu  Kush 
and  Karakoram  arc  at  jet  sU'cam  elevations;  winds  of 
over  150  knots  are  common.  At  .southern  and  western 
stations,  wind  speeds  and  directions  are  determined  by 
terrain;  only  during  western  disturbances  arc  steady 
winds  above  U)  knots.  The  mountain  wave  is  found 
routinely  above  10,(K)()  feet  MSL  (3,050  meters)  when 
upper-level  wind  and  ridge  orientation  mccLs  criteria. 
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Figure  4-5.  Mean  Winter  .Surface  Wind  Speeds  (kts)  and  Prevailing  Direction,  Kustern 
Mnuntains.  Slashes  between  directions  for  Mimana  and  Bar  Khan  indicate  changes  between 
December  and  March. 


Figure  4-f)a-c  show  mean  10, 000-,  I5,(K)0-  and 
20,(KK)-f(M)l  (3,0.50-,  4,580-,  and  6,l(K)-mcler)  MSL 
winds  for  Kabul,  Khorag,  and  Quetta.  At  these  levels, 
winds  arc  WSW  to  WNW  at  every  station  but  Khorag 
throughout  the  winter.  At  Khorag,  the  IO,{X)()-foot 
(3,050-mclcr)  wind  reflects  the  station's  location  in  a 
deep  valley  surrounded  by  mountains  higher  than  10,(K)0 


feet  (3,{KK)  meters).  Note  that  these  are  mean  winds; 
actual  directions  range  from  southwesterly  to  southerly 
ahead  of  an  upper-air  trough  to  northwesterly  or  even 
northerly  behind  it.  Also  note  that  there  arc  few 
up|)cr-air  suuions  in  the  Eastern  Mountains;  Khorag  is  a 
Soviet  station  just  north  of  the  region. 
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PRICCIPITAl  ION.  Prccipilalion  increases  in  the  north 
and  at  higher  elevations.  Figure  4-7  shows  seasonal 
rainl'all  (i.sohycLs)  and  mean  monthly  and  maximum 
24-hour  precipitation  for  selected  stations.  Accuiacy  of 
isohycl  preparation  in  this  region  is  limited  because  of 
the  mountainous  terrain.  Precipitation  amounts  over  the 
higher  elevations  (!i,(XM)-7.(XK)  feet/l,.‘)(X)-2,l(X)  meters 
MSL)  of  the  Hindu  Kush  and  Kariikoram  Range  may  be 
two  or  three  times  greater  than  the  amounts  shown. 

Precipitation  above  5, (XX)  feet  (l,.‘i(X)  meters)  in  the 
northeast  falls  as  snow.  Fr  'gmentary  rc|TorLs  indicate 
that  36-  to  6()-inch  (920  to  1,520  mm)  accumulations  at 
elevations  of  7, (XX)  feet  are  possible  from  one  western 
disturbance.  Actual  snow  depths  are  determined  by 


winds  and  many  other  factors,  but  by  winter’s  end,  mean 
depths  are  10-15  feet  (3-4.5  meters)  at  valley  sUitions 
with  elevations  of  7,(XX)-1(),(XX)  feel  (2,1(X)-3,(XX) 
meters).  These  stations  have  re|K)rted  .3()-f(K)t  (9-mcter) 
snow  depths. 

Most  precipitation  falls  as  rain  in  the  south  and  west. 
.Snow  i.s  normally  conlincd  to  elevations  above  6,(XK)  feet 
(1,830  meters),  but  snow  has  been  reported  (rarely)  at 
Quetta  and  other  ItKations  with  elevations  of  2,(XX)-3,(XX) 
feet  (610-915  meters).  Seasonal  rainfall  ranges  from  1.5 
inches  (4()mm)  to  4.8  inches  (122  mm).  Precipitation 
maximums  show  the  variability  that  would  be  expected 
in  this  region  and  climate. 


Figure  4-7.  Mean  Winter  Monthly/Maximiim  24-llour  Precipitation  (inches),  Fastern 
Mountains.  Isohyets  represent  mean  seasonal  preei|'iiaiion 
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Thunderstorms  are  rare  in  this  region  except  over  the  incraised  thunderstorm  Ircqucncy.  Frequencies  arc 

southern  and  western  ranges  in  March,  where  warmer  much  higher  over  ridge  lines, 

temperatums  and  late  western  disturbances  result  in 


Figure  4-8.  Mean  Winter  Thunderstorm  Days,  F>a.stern  Mountains. 
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TKMPKRATURK.  Elevation  is  the  main  (teterminani  ridges  are  considerably  lower  than  those  in  the  valleys, 

of  temperature.  The  mean  (Vee/.ing  level  is  near  7,000  Wind  chill  temperatures  are  considerably  lower  than 

I'ccl  (2,I(X)  meters).  Diurnal  variations  ronect  the  high  those  shown  in  Figure  4-d,  especially  in  the  higher 

mean  cloud  cover  and  Irequcnt  passages  of  western  ranges, 

disturbances  and  precipitation.  Temperatures  over  higher 


Figure  4-9.  Mean  Winter  Daily  Maximum/Minimum  I'emperatures  (F),  Eastern  Mountains. 
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(JFNKRAL  WFATHKR.  Conditions  over  the  Hindu  The  frequency  with  which  western  disiurhances  cross 
Kush  and  the  Karakoram  improve  slowly.  April  can  be  the  Eastern  Mountains  drops  from  one  every  6  days  to 

as  .severe  as  any  month  of  the  winter,  but  conditions  one  every  10  days  by  the  middle  of  May.  The  effects 

improve  rapidly  by  early  May.  The  snowpack  line  ri.ses  (multilayered  clouds,  precipitation,  icing,  turbulence,  low 

steadily,  reaching  13,(KK)  to  15,(KX)  feel  (4,(K)()  to  4,.‘>75  ceilings  or  mountain  obscuration,  and  poor  visibility)  arc 

meters)  by  the  end  of  May.  Snowfalls  are  restricted  by  mo.sl  marked  over  the  high  ranges.  L.csscr  c..cct.s  are  felt 

that  time  to  extremely  strong  western  disturbances  over  as  far  south  as  the  Tcrmenz-Jalalabad  axis, 

the  highest  ranges  of  the  Hindu  Kush  and  the  Karakoram 

ranges.  By  citrly  May,  airline  schedules  again  become  SKY  COVER,  North  of  .32°  N,  mean  cloud  cover  is 

reliable  for  flights  to  sUttions  in  the  higher  ranges.  Mild  highest  of  the  year,  exceeding  60%  over  the  Hindu  Kush 

conditions  prevail  over  the  southern  and  western  and  Karakoram  Ranges, 

sections. 


Figure  4-10.  Mean  Spring  Cloudiness  (isopleths)  and  Frequencies  of  Ceilings  Below  3,000 
Feet  (915  meters).  Eastern  Mountains.  Because  of  lerrairi,  (he  Irequeneics  shown  here  are 
unique  to  individual  sUilions  and  not  necessarily  represenlative  ol  any  olher  area. 
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Cloud  cover  is  cirrus  except  over  main  ranges,  where 
daytime  cumulus  bases  are  8,(KK)  to  12, (KX)  feet  (2,440  to 
4,4(X)  meters)  MSL,  with  tops  from  14,(XK)  to  18,(KX)  feet 
(4,270  to  5,490  meters)  MSL.  Isolated  afterntxtn 
cumulus  that  produces  ceilings  below  3,(KK)  feet  (915 
meters)  begins  to  appear  in  central  Afghanistan  valleys. 

Conditions  are  much  worse  for  48  hours  before  on.sct 
of  a  western  disturbance,  during  its  pas.sage,  and  for  .36  to 
48  hours  after  pas.sage.  North  of  32'^  N,  mountains  are 
obscured  above  5,(XX)  feet  (1,525  meters)  MSL. 
Multilayered  cloud  extends  through  35,0(X)  feet  (10.7 
km)  MSL,  with  moderate  to  .severe  mixed  icing  and 
turbulence.  In  mountain  valleys,  ceilings  are  as  low  as 
300  to  .500  feet  (90  to  150  meters)  in  rain  or,  above  3,(XM) 
feet  (915  meters),  in  snow. 


Conditions  arc  better  .south  of  32°  N.  Even  the 
.strongest  western  disturbances  rarely  lower  vailcy 
ceilings  itclow  3,00()  feet  (915  meters).  Ridges  arc 
ob.scurcd  above  7,(X)0  loot  (2,135  meters)  only  in  the 
strongest  systems.  Multilayered  broken  to  overcast 
clouds  have  bases  near  l(),(XX)  feet  (3,050  meters),  tops 
at  30,0(X)  feet  (9,1  km)  MSL.  Cumulus  and  showers 
occur  along  the  trough  axis,  lowering  ba.scs  to  6, (XX)  feet 
(1,830  meters)  MSL,  Moderate  mixed  icing  and 
moderate  to  .severe  turbulence  arc  found  in  clouds  over 
ridges. 

VISIHILITY.  Visibility  is  zero  in  cloud-shrouded 
mountains  above  6, (XX)  to  7,()(X)  feet  (1,8.30  to  2,135 
meters)  MSL.  Clouds  cause  low  visibilities  at  North 
Salang  and  Bar  Khan.  Early  morning  smoke  is  the 
problem  at  Quetta. 


Figure  4-11.  Mean  Spring  Frequencies  of  Visibilities  Helo>>  Miles,  Fastern  Mountains. 
Because  o(  terrain,  the  rrequcncies  shown  here  are  unique  to  individual  sialions  and  not 
necessarily  rcpre.sentative  ol  any  other  area. 
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WINDS.  Except  over  higher  ridge  lines, 
mniinUiin/vallcy  orientation  determines  wind  direction. 
Figure  4-12  gives  mean  wind  speeds  and  directions  for 
selected  stations.  Winds  at  low  elevations  are  light,  but 
speeds  arc  considerably  stronger  on  ridge  tops  and  at 
stations  in  the  higher  elevations,  such  a.s  North  Salang 
and  Ghazni  in  Afghanistan.  The  highest  peaks  of  the 


Hindu  Kush  and  Karakoram  arc  at  jet  stream  elevations; 
winds  of  over  l.SO  knoLs  arc  common.  At  stations  in  the 
south  and  west,  winds  arc  determined  by  terrain;  steady 
wind  speeds  are  above  10  knots  only  during  western 
disturbances.  Mountain  waves  are  found  routinely  above 
10,000  feel  (3,050  meters)  MSL  when  upper-level  wind 
and  ridge  orientations  meet  criteria. 
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Figure  4-12.  Mean  Spring  Surface  Wind  Speeds  (kts)  and  Prevailing 
Direction,  Eastern  Mountains. 


Refer  to  Figures  4-6a-c  for  mean  10,(K)0-,  15,0(K)-. 
and  20,(KK)-ftx)l  (3,050-,  4,580-,  and  6,HK)-mclcr)  MSL 
winds  at  selected  stations.  Upper-level  winds  at  every 
station  except  Khorag  are  WSW  to  WNW  throughout  the 
winter.  At  Khoraq,  the  U),(KX)-foot  (3,050-metcr)  wind 
rellccLs  the  station’s  location  in  a  deep  valley  surrounded 
by  mountains  over  10,(X)0  feel  (3,(K)0  meters).  Note  that 


these  are  mean  winds;  actual  directions  range  from 
southwesterly  to  southerly  ahead  of  an  upper-air  trough 
to  northwesterly  or  even  northerly  behind  it.  Also  note 
that  there  arc  few  upper-air  stations  in  the  Eastern 
Mountains;  Khorag  is  a  Soviet  station  Just  north  of  the 
region. 
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PRECIPITATION.  Spring  precipitation  (shown  hy  the 
isoliycLs  in  Figure  4-13)  over  the  highest  mountains  is 
half  what  it  was  during  the  winter.  Northern  stations, 
and  those  in  the  higher  elevations,  get  the  most.  The 
main  Hindu  Kush  and  Karakoram  ranges  Irctween  5,(KK) 
and  7,()(K)  feet  (I, .“525  and  2,140  meters)  MSL  may  get 
twice  the  precipitation  shown  in  Figure  4- 1 3. 

Precipitation  above  6,000  feet  north  of  32°  N  falls  as 
snow.  Reports  are  fragmentary  as  to  amounts,  but  36-60 
inches  (915-1,525  mm)  from  a  single  western 
disturbance  early  in  the  season  are  possible  at  elevations 
near  7,(XK)  feet  (2,140  meters).  The  snow  line  ri.scs 
steadily  with  increasing  insolation;  by  mid-May,  snow  is 
confined  to  elevations  above  12,000  feet  (3,660  meters). 


Snow  depth  depends  on  winds  anti  other  factors.  The 
greatest  mean  depths  arc  in  late  April  when  they  reach  15 
to  18  feet  (4.5  to  5.5  meters)  at  valley  stations  with 
elevations  from  7, (KM)  to  I0,(XK)  feet  (2,135  to  3,050 
meters).  Thc.se  stations  have  reported  maximum  depths 
of  30  feet  (9  meters). 

South  of  32°  N,  most  precipitation  (alls  as  rain. 
Seasonal  averages  range  from  0.4  inches  (10  mm)  to  2.4 
inches  (60  mm). 

Maximum  24-hour  precipitation  is  highly  variable, 
with  the  greatest  24-hour  amounts  reported  by  Hindu 
Kush  stations.  Amounts  decrease  from  April  to  May. 


Figure  4-13.  Mean  Spring  Monthly/Maximiim  24-li()ur  Precipitation  (inches),  Eastern 
Mountains.  Isohycls  represent  mean  seasonal  preeipilalion. 
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Spring  is  ihc  season  Cor  ihuncicrslorms,  which,  as 
shown  ill  Figure  4-14,  occur  once  every  5  lo  6  days  in 
April  over  wcsiem  and  northern  ranges.  Occurrence  is 
higher  over  isolated  ridges.  Murrec,  Pakistan,  averages  ! 
thunderstorm  every  3  days  in  May.  Hail  2  to  4  inches 


(50  to  100  mm)  in  diameter  ha.s  been  reported  at 
elevations  up  lo  10,(KK)  I  eel  (3,050  meters),  most 
a.s.sociaicd  with  western  disturbances.  The  usual 
thunderstorm  aviation  hazards  apply,  including 
downbursls. 


Figure  4-14.  Mean  Spring  Thunderstorm  Days,  Eastern  Mountains. 
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TKMPF.RATIIRK,  Tcmperaliires  increase  dramalic-  cover  and  lower  incidence  ol  wcslcin  disturbances  result 
ally.  I'he  mean  freezing  level  rises  to  near  I3,(KH)  leei  in  higher  diurnal  variations, 

(4,(XK)  meters)  by  mid-May.  Decreasing  mean  cloud 


Figure  4-lS.  Mean  Spring  Daily  Maximum/Minimum  Temperatures  (F),  Eastern 
Mountains. 
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(iF.NFRAL  WKATHER,  Skies  over  the  Hindu  Kush  westward  over  the  region.  Multilayered  clouds, 

and  Karakoram  range  are  generally  clear,  Only  the  thunderstorms,  heavy  rains,  and  poor  Hying  weather 

higher  Karakoram  ranges  see  significant  cloud  cover  result.  Such  conditions  have  persisted  for  up  to  2  weeks, 

because  weak  western  disturbances  still  affect  this  area.  See  the  di.scussion  under  "Abnormal  Southwest  Monsoon 

Moist  Southwest  Monsoon  air  affccLs  the  Arabian  Sea  Flow"  in  Chapter  2. 

coast  and  the  extreme  southern  ranges.  Rare  western 

disturbances  or  extremely  strong  mon.soon  depressions  SKY  COVER.  Skies  are  mostly  clear,  with  only 
ate  the  main  producers  of  precipitation,  usually  affecting  scattered  cirrus.  Increased  cloudiness  over  the 
only  the  Karakoram  ranges.  Precipitation  can  be  heavy,  Karakoram  range  (40%  coverage)  and  the  mounUiins  just 

especially  over  higher  ranges  where  storm  touils  arc  north  of  the  Arabian  Sea  coast  (4()-.‘i()%  coverage)  results 

sometimes  10  inches  (250  mm).  An  upper-air  low  is  cut  from  convection  over  the  mountains  and  moisture 

off  over  .south-central  Iran  once  every  4  to  5  years,  availability, 

resulting  in  the  diversion  of  southwesterly  monsrxm  air 


Figure  4-16.  Mean  .Summer  Cloudiness  (isopleths)  and  Frequencies  of 
Ceilings  Helow  3,000  Feet  (915  meters).  Eastern  Mountains.  Because  ol  lei  rain, 
the  frequencies  shown  here  are  unii|ue  (o  indi\i(lual  s'.alions  ami  not  necessarily 
representative  of  any  other  area. 
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Cloud  cover  in  ihe  norih  is  usually  cirrus,  bul  cumulus 
forms  over  ihe  high  Kru'ukoram  ranges  during  Ihe  day. 
Bases  are  8,(KX)-12,(KK)  feel  (2,440-4 ,400  meters),  lops 
I4,0(X)- 18,000  feel  (4,270  lo  5,490  meters)  MSL. 
Conditions  are  much  worse  for  48  hours  before  onset  of  a 
western  disturbance,  during  passage,  and  for  36  lo  48 
hours  after  passage.  North  of  34°  N,  and  cast  of  Kabul, 
mountains  are  obscured  above  5,(XK)  feet  (1,525  meters) 
MSL.  Multilayered  cloud  extends  through  35,(KK)  feel 
(10.7  km)  MSL,  with  moderate  lo  severe  mixed  icing  and 
turbulence.  In  mountain  valleys,  ceilings  are  as  low  as 
3(K)  lo  500  feel  (90  lo  150  meters)  in  rain  or,  above 
14,(KK)  feel  (4,270  meters),  in  snow.  Only  cirrus  occurs 
south  and  west  of  this  area,  except  for  isolated  late 
afternoon  cumulus.  The  extreme  south  has  stratus  and 
slralocumulus  at  night  and  in  the  morning,  clearing  by 
mid-morning.  Bases  are  1,(KK)  to  1 ,5(K)  feet  (305  to  460 
meters):  tops  are  2,()()0-  3,(KK)-fcet  (610-920  meters). 


Conditions  over  the  central  and  eastern  regions 
deteriorate  whenever  the  remains  of  a  monsoon 
depression  moves  in  from  northern  India.  Ridges  above 
6,000  feet  (1,800  meters)  lu-e  obscured  in  heavy  cumulus 
and  cumulonimbus.  Multilayered  broken  to  overcast 
clouds  have  ba.ses  near  10,(X)0  feel  (3,050  meters)  and 
lops  lo  30,(K)0  feet  (9.1  km)  MSL.  Mcxieratc  mixed  icing 
and  moderate  to  severe  turbulence  arc  found  in  clouds 
over  ridges. 

VISIBILITY.  Clouds  frequently  lower  visibilities  to 
/.ero  at  elevations  above  6,000  lo  7,000  feel  (1,830  lo 
2,135  meters)  MSL.  Elsewhere,  visibilities  are  good. 
Low  visibilities  at  Zhob  and  Bar  Khan  arc  due  lo 
mountain  valley  fog.  The  reason  for  Quetta’s  distinct 
early  morning  minimum  is  unknown,  bul  pollution  is 
su.spcct. 


Figure  4-17.  Mean  Summer  Frequencies  of  Visibilities  Below  Miles,  Fastern  Mountains.  Because  of  terrain, 
the  frequencies  shown  here  arc  unique  lo  individual  stations  and  not  necessarily  representative  ol  any  other  area. 
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WINDS.  Terrain  dclcrmincs  moun(ain  and  valley  winds, 
but  synoptic  flow  is  the  main  factor  over  plains  and 
higher  ridge  lines.  Figure  4-18  gives  mean  wind  speeds 
and  directions  for  selected  stations.  At  lower  elevations 
south  of  the  main  ranges,  wind  speeds  are  less  than  4 
knots.  Over  the  ridges  and  at  higher  elevations  in  the 
north  (such  as  at  North  Salang  and  Ghazni  in 


Afghanistan),  speeds  are  considerably  higher.  The 
highest  pettks  of  the  Hindu  Kush  and  Karakoram  are  at 
jet  su-cam  elevations;  .speeds  of  over  80  knots  are 
common.  Mountain  waves  occur  routinely  above  1(),(KK) 
feet  (3,050  meters)  MSL  when  upper-level  wind  and 
ridge  orientations  meet  usual  criteria. 
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Figure  4-18.  Mean  Summer  Surface  Wind  Speeds  (kts)  and  Prevailing  Direction,  Eastern  Mountains.  The 
slashes  separating  Khuzdar  directions  indicate  a  change  taking  place  between  June  and  September. 


Refer  to  Figures  4-6a-c  for  mean  10,000-,  15,0(K)-, 
and  20,0(K)-f(X)t  (3,050-,  4,580-,  and  6,l(H)-mctcr)  MSL 
winds,  which  vary  from  WSW  to  NNW.  Note  that  these 
arc  mean  winds-actual  winds  range  from  southwesterly 


ahead  of  an  upper-air  trough  to  northerly  behind  it.  Note 
that  there  arc  few  upper-air  stations  in  the  Eastern 
Mountains;  Khorag  is  a  Soviet  station  just  north  of  the 
region. 
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PRECIPITATION.  The  southeastern  side  of  the  Precipitation  falls  as  snow  only  alxrvc  14, ()()()  feet 
Karakoram  range,  exposed  to  intermittent  monsoon  flow,  (4,270  meters)  in  the  main  Karakoram  ranges.  Rcix)rts 

gets  the  most  summer  precipiUttion,  as  shown  by  the  from  this  region  are  fragmentary,  but  13  to  23  inches 

isohyeLs  in  Figure  4-19.  Isohyet  accuracy  is  limited  by  (.)8()  to  633  mm)  from  a  single  western  disturbance  arc 

mountainous  terrain.  Precipitation  amounts  between  possible  at  near  the  freezing  level.  Precipitation 

5,(KK)  and  7,(XX)  feet  (1,323  and  2,133  meters)  MSL  in  elsewhere  falls  as  rain.  Murree  data  is  rcprc,sctiiativc  of 

the  Hindu  Kush  and  Karakoram  mountains  may  be  two  kx;ations  on  the  .south  and  .southeast  sides  of  the  main 

or  three  times  greater  than  shown,  Karakoram  ranges.  West  and  north  of  this  area, 

precipitation  amounts  decrease  rapidly. 


Figure  4-19.  Mean  Summer  Monthly/Maximum  24-Hour  Precipitation,  Eastern  Mountains. 

Isohyets  represent  mean  .seasonal  precipitation. 
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Thunderstorms,  as  shown  in  Figure  4-20,  arc  most 
Irequeni  over  the  southern  Karakoram.  Murrcc  averages 
a  thunderstorm  every  2  to  3  days  during  the  summer,  but 
frequency  decreases  in  September  as  the  Southwest 
Monsoon  retreats.  Thunderstorm  frequency  at  other 


ItKations  is  a  function  of  mon.soon  flow;  altcrnoon 
licating  is  enough  to  produce  thunderstorms  if  enough 
moisture  is  available.  Thunderstorm  frequency  is  much 
higher  over  ridge  lines. 
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TKMPKRATIIRK.  Smaller  diurnal  variations  rcnccl  the  southeastern  Karakoram,  cloiid  cover.  Temperatures 
the  increased  presence  of  atmospheric  moisture  and,  in  over  higher  ridges  arc  considerably  lower. 


P'igure  4-21.  Mean  .Summer  Daily  Maximiini/Mtnimiim  I  emperaliires  (K),  Kaslern 
Mountains. 
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(iP.NKRAL  WPATHER.  Fall  is  by  (ar  the  most  uirbiilcncc,  low  ceilings,  moimlain  obscuration,  and  |X)or 
pleasant  season  of  the  year.  Cloudiness  and  precipitation  visibility)  only  affect  the  area  north  of  N. 
generally  decrease,  even  though  western  disturbances 

increase  in  frequency  and  strength  as  the  season  .SKY  COVER.  Sky  cover  decreases  dramatically.  Only 
progre.s.ses.  ’Fhc-se  disturbances  cross  the  higher  Hindu  the  high  Hindu  Kush  and  Karakoram  ranges  sec  cK)ud 
Kush  and  Karakoram  Ranges  every  6  to  8  days.  Their  cover  greater  than  30%,  most  from  western  ilisturbanccs. 
effects  (multilayered  clouds,  precipitation,  icing. 


Figure  4-22,  Mean  Fall  Cloudine.ss  (isrrpleths)  and  Frequencies  of  Ceilings  Behtw  3,000  Feet 
(915  meters),  Eastern  Mountains.  Because  of  terrain,  the  frequencies  shown  here  are  unique  to 
individual  stations  and  ntit  necessarily  reprcscntaiive  of  any  other  area. 
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Bclwcen  western  disturbances,  most  cloud  cover  is 
cirrus.  Over  the  main  ranges,  daytime  cumulus  may 
form  with  buses  at  8,(KK)-12,(XK)  (eet  (2,440-4 ,4(K) 
meters).  Tops  range  from  14,(KX)  to  18,(XX)  feet  (4,270  to 
5,490  meters)  MSL. 

Conditions  are  much  worse  for  48  hours  before  the 
onset  of  a  western  disturbance,  during  passage,  and  for 
36  to  48  hours  after  pa.s.sage.  Mounlains  north  of  .34°  N 
arc  obscured  above  5,(XX)  feet  (1,52.5  meters)  MSL. 
Multilayered  clouds  extend  to  35,(XX)  feet  (10.7km)  MSL 
and  produce  moderate  to  severe  mixed  icing  and 


turbulence.  Ceilings  in  mouniain  valleys  arc  as  low  as 
3(X)-5(X)  feet  (90-150  meters)  in  raiti  or,  above  7,(XX)  (eet 
(2,135  meters),  in  snow.  South  of  .34°  N,  only  cirrus 
occur. 

VISIBILITIES.  In  the  Eastern  Mountains  and 
Karakonun  ranges,  visibilities  arc  at  or  near  zero  above 
7,(XX)  feet  (2,I(X)  meters)  during  passage  of  western 
disturbances.  Elsewhere,  only  urban  tircas  in  valleys 
(such  as  Quetta  and  Bar  Khan)  .see  reduced  visibilities, 
most  confined  to  early  morning. 


Figure  4-23.  Mean  Fall  Frequencies  of  Visibilities  Below  3  Miles,  Eastern  Mountains. 
Because  of  terrain,  the  frequencies  shown  here  arc  unique  to  individual  stations  and  not 
necessarily  representative  of  any  other  area. 
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WINDS.  Even  when  synoptic  gradients  arc  strong, 
mounlain/vnllcy  orientation  determines  wind  direction, 
especially  in  the  northwest.  Only  over  ridges  arc  wind 
directions  and  speeds  determined  by  synoptic  flow. 
Figure  4-24  shows  mean  surface  wind  speeds  and 
directions  for  selected  stations.  Speeds  at  low  elevations 
arc  below  4  knots,  but  much  higher  at  higher  elevations. 


.such  as  at  Nonh  Salang  and  Ghanzi  in  Afghanistan.  The 
highc.st  peaks  of  the  Hindu  Kush  and  Karakoram  arc  at 
jet  stream  elevations:  winds  of  over  120  knots  arc 
common.  Mountain  waves  occur  routinely  above  l(),()(K) 
feet  (3,050  meters)  MSL  when  upper-level  wind  and 
ridge  orientations  meet  criteria. 
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Figure  4-24.  Mean  Fall  .Surface  Wind  Speeds  (kts)  and  Prevailing  Direction, 
Flastern  Mountains.  The  slash  between  Mimana  directions  indicates  a  change 
taking  place  between  October  and  November. 


Refer  to  Figure  4-6a-c  for  mean  10,()(K)-,  15,000-,  and 
2(),0(K)-foot  (3,050-,  4,575-,  and  6,100-mctcr)  MSL  wind 
directions.  At  all  stations  except  Khorag,  winds  vary 
from  WSW  to  WNW.  Note  that  these  arc  mean 
winds -actual  winds  range  from  southwesterly  ahead  of 


an  iippcr-aif  trough  to  northwesterly  t)r  even  northerly 
behind  it.  Note  that  sounding  stations  in  the  Eastern 
Mountains  arc  few;  Khorag  is  a  Soviet  sUilion  just  north 
of  the  region. 
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PRF.CIPri’ATION.  Fall  precipitation  (shown  by  the  feel  (2,135-2,745  iTicicrs).  Il  is  rare  elsewhere,  and 

isohyeLs  in  Figure  4-25)  is  mostly  limited  to  higher  confined  to  an  occasional  shower;  24-hour  maximums 

elevations  in  the  northernmost  mountains.  Precipitation  .show  the  variability  to  be  expected.  Fall  thunderstorms, 

over  the  Hindu  Kush  and  Karakoram  ranges  only  falls  shown  in  Figure  4-26,  are  almost  unknown  except  over 

routinely  at  stations  with  elevations  above  7,(KK)-9,(KK)  the  higher  ranges  in  October. 


Figure  4-25.  Mean  Fall  Monthiy/Maximum  24-Hour  Precipitation  (inches),  Fastern 
Mountains.  IsohyeLs  repre.seni  mean  seasonal  precipitation. 


4-31 


THE  EASTERN  MOUNTAINS 
FALL 


October-November 


TRMPKRATURE.  Tempcraliircs  begin  lo  decrease,  reach  arclic  vaiiies.  Higher  diurnal  varialions  relleci 
By  late  November,  ihc  mean  freezing  level  is  near  7,0(K)  clear  skies  and  Ihe  infrequent  passage  ol  western 
feel  (2,135  mclcr.s)  and  temperatures  over  higher  ranges  disturbances. 


Figure  4-27.  Mean  Fall  Daily  Maximum/Minimum  Temperatures  (F),  Eastern  Mountains. 
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Chapter  5 

THE  CENTRAL  DESERTS 

The  Central  Deserts  subregion  includes  the  deserts  ol'  ccnual  and  southeastern  Iran,  southwestern  Afghanistan, 
and  western  Pakistan.  After  de.scrihing  the  arert’s  situation  and  relief,  this  chapter  discus,scs  "general  weather 
conditions"  by  sea,son.  Note  that  there  are  only  two  ",sca.sons"  here-wet  and  dry. 
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Figure  5-lb.  Climatological  Summaries  for  Selected  Stations,  Central  Deserts. 
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Figure  5-lc.  More  Climatological  Summarie.s  for  Selected  Stations,  Central  Deserts. 
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(JKOfiRAPHY.  To  define  Ihc  boundaries  of  Ihe  Cenlral 
Deserts  stibregion,  follow  the  Alb  fool  (2(K)-mcler) 
contour  from  vShamil  (an  Iranian  town  near  the  Strait  of 
Hormuz  at  27°  N,  57°  E)  eastward  to  Pakistan’s  Hingol 
River,  then  northward  to  the  3,28()-fool  (l.(XK)-mclcr) 
MSL  contour,  which  is  followed  to  Gidar  where  a  short 
(10  NM)  line  joins  it  to  the  other  3,280-fool 
(1,000-metcr)  MSL  contour  at  Nihing.  Continue  along 
the  3,280-f(X)l  (l,(XX)-metcr)  MSL  contour  along  the  Ras 
Koh  Ridge  to  the  Pakislan-Afghanistan  border.  Follow 
the  border  until  it  intersects  with  the  6.560-foot 
(2,(K)0-metcr)  MSL  contour  and  follow  it  south  of  the 
Paropamisus  Ridge  to  the  Iran-Afghanistan  border. 
Follow  the  border  until  it  rejoins  the  3,280  feet  (1,000 


meters)  MSL  contour  near  34°  N,  61°  E.  Follow  the 
contour  west,  then  southeast,  to  Shamil. 

The  Central  Deserts  contain  the  arid  and  semiarid 
lowland  depressions  and  mountains  shown  in  Figure 
5-2a.  Us  vruied  terrain  results  from  massive  plate 
tectonic  uplift  that  produced  faulting,  fracturing,  up-  and 
down-thrusting,  and  volcanic  activity.  Extensive 
mountain  ranges  to  the  north,  west,  and  southwest  of  the 
Central  Deserts  produce  a  large  "rain-shadow"  effect  that 
creates  vast  sand  and  salt  deserts.  Two  deserts  dominate 
the  de.solale  interior  Iranian  plateau;  the  Dashl-c-Kavir 
(Great  Salt  De.serl)  and  the  Dashi-e-Lul. 


Figure  5-2a.  Mountain.s,  Deserts,  and  Depressions  of  the  Central  Deserts.  Black  areas  indicate  lucas  above 
6,(XK)  feet  (2, (XX)  meters)  MSL. 
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The  Daslu-e-Kavir,  in  ihe  subregion’s  northwest,  is 
200  NM  long  (west  to  cast)  and  140  NM  wide  (north  to 
south).  It  is  an  ancient  lakebed  that  occasionally  fills 
with  runoff  from  the  Elburz  and  Zagros  Mountains,  but 
high  evaporation  normally  keeps  it  dry.  The  vast  .salt 
marshlands  are  covered  by  a  thin  crust  of  hardened  salt 
that  doesn’t  support  the  weight  of  man  or  machine, 
making  travel  extremely  difficult. 

The  Dasht-e-Lut,  in  east-central  Iran,  is  a  valley 
formed  by  down-thrust  faulting  along  the  northern 
Zagros  Mountains  to  the  subregion’s  west.  The  valley  is 
2(K)  NM  long  and  l(X)-150  NM  wide.  The  surface  is 
covered  by  sand  and  gravel.  Isolated  salt  flats  lie  at 
elevations  below  1,620  feet  (500  meters)  MSL. 

The  Eastern  Persian  Highlands,  on  the  east  side  of  the 
Dasht-e-Lut,  constitute  the  largest  mountain  complex  in 
the  Central  De.serts.  This  600-NM  system  compri.scs  a 
series  of  parallel,  discontinuous  ridges,  oriented 
nortlt-northwest  to  south-southeast,  with  inactive 
volcanoes.  Elevations  along  the  northern  and  southern 
ends  exceed  9,(K)0  feet  (2,700  meter.s)  MSI,.  Lsolatcd 
ridges  and  rolling  hills  dominate  the  central  section 
(29-.3l°  N),  where  most  ixjaks  do  not  exceed  7, (KM)  feet 
(2,100  meters)  MSL.  The  highest  point  is  Kuh-e-Taftan, 
in  the  south,  a  volcanic  cone  13,258  feet  (4,042  meters) 
MSL  high. 

The  barren  Chagai  Hills,  an  igneous  rock  formation 
that  lies  along  the  Afghanistan/Pakistan  border,  is  90  NM 
long  and  10-25  NM  wide.  Average  elevation  is  6,(KK) 
feet  (1,8(K)  meters)  M,SL;  Malik  Naro  (29  23’ N,  6.3  28’ 
E)  is  the  highest  point  at  8,060  feet  (2,457  meters)  MSL. 

The  Baluchistan  Plateau,  which  dominates  the 
region’s  southern  half,  includes  the  extreme  .southern 
fov  hills  of  the  Eastern  Persian  Highlands,  the  Makran 
Ranges,  and  associated  salt  Hats.  The  eastern  part 
comprises  the  Makran  Coastal  Range,  the  Central 
Makran  Range,  and  the  Siahan  Range.  The  Mtikrans  are 
rugged  and  weathered  mountains  and  hills  across 
southern  Iran.  The  ridges  are  sepitfated  by  wide  valleys 
that  contain  .sand  dunes  and  rocky  surfaces. 


The  di.scontinuous  Makran  Coastal  Range  is  a 
250-NM  ridge  system  that  parallels  the  coast.  It  is 
between  1 5  and  40  NM  wide;  average  elevation  is  4,(KK) 
feet  (1,2(X)  meters)  MSL.  The  highest  point  is  Bhari  Hoi 
at  5,185  feet  (1,581  meters)  MSL. 

Immediately  north  of  the  coastal  range,  the  Central 
Makran  Range  is  250  NM  long  and  15-40  NM  wide. 
Koh-i-Palandar  is  its  highest  point  at  7,488  feet  (2,283 
meters)  MSL. 

Farther  north,  the  Siahan  Range  is  170  NM  long  and 
alx>ut  20  NM  wide.  The  highest  point  is  6,770  feet 
(2,064  meters)  MSL. 

The  Hamun-i-Jaz  Murian,  the  Hamun-i-Lora,  and  the 
Hamun-i-Mashkel  are  salt  Hats  on  the  Baluchi.stan 
Plateau-see  Figure  5-2b.  The  Hamun-i-Jtiz  Murian,  in 
.southeastern  Iran,  is  180  NM  long  and  90  NM  wide. 
Southwe.st  Paki.stan’s  Hamun-i-Mashkel  .salt  Oat  is 
located  between  the  Chagai  Hills  and  Siahan  Range.  The 
Hamun-i-Lora,  which  runs  along  the 
Afghani.slan-Pakistan  border  east  of  the  Chagai  Hills,  is  a 
very  small  .salt  Hat  and  marshland  surrounded  by  a  sand 
and  gravel  desert. 

The  Helmand  River  Basin  dominates  southwest 
Afghanisutn  north  of  the  Baluchistan  Plateau.  It  drains 
into  die  Iran’s  Scistan  Depression,  which  is  150  NM 
long  and  50  NM  wide.  Elevation  averages  less  than 
l,5(K)  feet  (457  meters)  MSL.  Along  with  the  permanent 
Helmand  River,  the  basin  includes  many  intermittent 
rivers  and  small  dc.serLs. 

DRAINA(;e  and  river  systems.  Most  rivers  arc 
intermittent  and  do  not  How  continuously  from  source  to 
mouth.  The  7(X)-NM  Helmand  River,  which  drains  into 
the  Scisuin  Depression,  is  the  only  large  river  that  flows 
throughout  the  year.  The  Khash,  another  important  river 
in  the  Helmand  River  Basin,  begins  in  the  high 
mountains  of  central  Afghanistan.  It  also  drains  into  the 
Sci.stan  Dcprc.ssion,  but  often  dries  up  before  reaching  il. 
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Figure  5-2b.  Marshlands,  Lakes,  and  Rivers  of  the  Central  Deserts.  Some  of  the  lakes  shown  may  Iv 
inicrmiilent. 

In  Iran,  many  small  rivers  and  streams  originating  in  The  Makran  Coastal  Ranges,  the  C'cntral  Makran,  and 
the  surrounding  mountains  How  into  the  desert  and  Siahan  Ranges  are  drained  by  the  Mashkel,  Hingol,  and 
evaporate.  The  Bampur  and  the  Kharan,  two  of  the  Dasht  Rivers. 

.semipermanent  rivers  in  .southeast  Iran,  drain  into  the 

area’s  only  permanent  lake:  the  Hamun-i-Jaz  Murian.  The  Mashkel  begins  in  the  Central  Makrans  and 

flows  northeast  into  the  Hamun-i-Mashkel  salt  Hat. 

The  Bampur  originates  in  the  foothills  of  the 

western  Makran  Coast  Ranges.  iLs  intermittent  The  Hingol  begins  in  the  Central  Brahiii  Range  of 

waters  cut  a  distinct  cast-lo- west,  l.3()-NM  valley.  Pakistan  and  flows  into  the  Arabian  .Sea.  Its 

.T'iO-NM  length  forms  the  Central  Desert’s 
The  Kharan  begins  in  the  Zagros  Mountains  and  southeastern  boundary  Ivlween  b.'ib  feet  (200 

also  drains  into  the  Hamun-i-Ja/,  Murian  200  NM  meters)  and  1 ,620  feel  ( 1 ,000  meters)  M.SL. 

to  the  cast. 


5-7 


I  he  Dasht  River  begins  in  ihe  Makran  Coast  Range 
and  flows  26,S  NM  to  the  Arabian  .Sea. 


THE  CENTRAL  DESERTS 


SITUATION  AND  RELIEF 


LAKES  AND  RESERVOIRS.  Numerous  alkaline 
lakes  and  dry  lakcbeds  dot  the  Central  Deserts,  but  only 
the  Hamun-i-Helmand  and  the  Hamun-i-Jaz  Murian 
remain  visible  at  the  surface  year-round.  Their  size, 
however,  expands  and  conU'acts  with  fluctuations  in 
surface  runoff. 

The  Hamun-i-Helmand  is  a  reed-filled  lake  in  the 
Scistan  Depression.  It  is  70  NM  long  between  March 
and  May,  but  shrinks  into  two  smaller  lakes  Vi^hen  surface 
runoff  is  low.  It  is  fed  by  the  Kelmand,  Khash,  and  Farah 
Rivers.  Two  smaller  water  bodies  nearby  are  known 
locally  as  the  Sabari  and  the  Puzak-they  arc  not  shown 
in  Figure  5-4. 

The  Hamun-i-Jaz  Murian  is  a  salt  lake  fed  by  the 
Bampur  and  Kharan  Rivers.  It  covers  450  sq  NM  in 
.southeastern  Iran. 

Other  lowlands  include  extensive  salt  marshlands;  the 
largest  aie  the  Gaudi-i-Zirrah,  the  Hamun-i-Lora,  and  the 
Hamun-i-Mashkcl, 

The  Gaudi-i-Zirra!i,  south  of  the  Hamun-i-Helmand, 
fluctuates  with  the  water  level  in  the  Hamun-i-Helmand. 


During  high  wafer,  it  has  several  small  ponds;  its  marsh 
rcachesa  maximum  length/width  of  60/15  NM. 

Baluchistan’s  Hamun-i-Lora  and  the  Hamun-i- 
Mashkel  arc  dry  salt  Oats  most  of  the  year,  but  standing 
water  may  develop  with  heavy  .surface  runoff.  The 
Hamun-i-Lora  may  attain  a  surface  area  of  .16  NM  (north 
to  south)  by  1-10  NM  (cast  to  west).  The 
Hamun-i-Mashkcl  may  develop  a  surface  area  of  55  NM 
(cast  to  west)  by  8-20  NM  (north  to  south). 

VFXJETATION.  Marsh  plants  arc  common  on  sail  flats 
and  depressions.  These  patches  of  .salt-rcsislant  shrubs 
and  gra,s.sc.s  obtain  essential  moisture  from  groundwater 
beneath  the  thin,  hard  surface.  The  .sand  and  stone 
deserts  !irc  usually  devoid  of  vegetation,  A  lew  lowlands 
in  the  deserts  arc  close  to  the  water  utbic  and  support 
oases  with  date  palms,  willows,  tamarisk,  and  poplar 
trees.  Intermittent  and  permanent  sircambeds  may 
support  isolated  areas  of  dense  forest  vegetation-again 
of  willow,  tamarisk,  and  poplar.  Mountain  plants  depend 
on  elevation  and  precipitation.  Shrubs,  small  willows, 
grasses  and  camel  thorn  arc  common  below  4,5(K)  feet 
(1,400  meters)  MSL  while  juniper,  brushwood,  and 
dwarf  bushes  are  common  above. 
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WET  SEASON 


November-AprII 


GENERAL  WEATHER.  Most  of  the  scant 
precipitation  in  the  deserts  falls  during  this  6-month  "wet 
season."  Total  rainfall  accumulation  for  the  entire  season 
is  less  than  5  inches  (I2j  mm),  except  over  the 
mountains  north  of  the  Iranian  Deserts.  Migratory 
low-pressure  systems  that  move  cast  and  southeast  across 
the  region  cause  isolated  rainshowers,  the  only  source  of 
precipitation.  "Western  disturbances",  as  southwe.st 
Asian  meteorologists  refer  to  upper-level  troughs  or 
frontal  systems,  cross  the  region  every  4  to  6  days,  but 
only  the  suongest  carry  enough  moisture  to  produce  rain. 
The  higher  mountains  in  the  north  and  northeast  sec 
more  showers  than  in  the  lower  areas. 


SKY  COVER.  Skies  are  normally  clcjir.  Broken  to 
overcast  mid-  or  upper-  level  cloudiness  only  occurs  with 
the  very  rare  suong  upper-air  trough.  Bases  average 
t2,(KK)  feet  MSL  (3,660  meters),  but  clouds  arc  usually 
layered  through  30, (XK)  feel  (9.1  km)  MSL.  A 
combination  of  the  .strongest  upper-air  troughs  and 
afternoon  healing  might  result  in  isolated  afternoon 
cumulus  or  cumulonimbus  along  ridges  near  the  trough 
axis;  ba.sc.s  tire  2,.‘i(K)  feet  (760  meters)  AOL.  Even  the 
cumulonimbus  a.s.socialed  with  most  upper-air  troughs 
arc  mid-level  clouds.  Only  the  strongest  systems  have 
enough  moisture  in  the  low  levels  to  allow  clouds  to 
form  below  6,(XX)  to  8,(XK)  feel  (1,830  to  2,440  meters). 
Figure  .S-3  shows  mean  cloud  cover  and  frequencies  of 
ceiling  below  3,000  feel  (915  meters). 


Figure  5-3.  Mean  Wet  Season  Cloudiness  (isopleths)  and  Frequencies  of  Ceilini's  Below  3.00(1  Feet  (915 
meters),  Central  Deserts. 
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VIS!B!IJTY.  Very  finely  grained  sand  or  soil  is  easily 
picked  up  by  strong  winds.  Panjgur’s  I5(X)  LST 
visibility  is  less  than  3  miles  19%  of  the  time  .  The  great 
deserts  (such  as  the  Dasht-e-Kavir  and  the  Dasht-e-Lul) 
are  known  for  pottr  visibilities  in  sand  or  dust  haze 
during  periods  of  sustained  wind.  The  rare  thunderstorm 
or  squall  line  downrush  produces  severe  duststorms 


similar  to  those  of  Sudan--thc  infamous  "habcKib."  These 
storms  reduce  visibilities  to  near  zero  for  several  hours 
over  large  areas.  Sustainwl  winds  above  25  knots, 
occasionally  found  in  the  rear  of  depressions  moving 
eastward  across  the  aiea,  result  in  persistent  dust  haze 
that  lasts  for  .several  days.  Figure  5-4  gives  frequencies 
of  visibilities  below  3  miles. 


Figure  5-4.  Mean  Wet  .Season  Frequencies  of  Visibilities  Below  3  Miles,  Central  Deserts.  The  Ircriucncics 
shown  here  arc  means,  and  probably  not  representative  of  exOcmes  in  open  desert  areas. 
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WINDvS.  Mean  wind  speeds  are  relatively  high  because 
of  the  open  terrain.  At  Zahedan  and  Nokkundi,  lor 
example,  speeds  arc  northwesterly  to  northerly  at  5-9 
knots,  with  little  viuiation.  These  winds,  combined  with 
dry  soil  conditions,  produce  blowing  dust  and  occasional 


blowing  sand.  Winds  behind  strong  cold  fronts  have 
exceeded  50  knoLs  at  most  stations,  and  gusts  above  .50 
knots  for  several  days  ivc  not  uncommon.  Figure  5-3 
gives  representative  station  wind  data. 
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Figure  5-5.  Mean  Wet  vSeason  Surface  Wind  Speeds  (kts)  and  Prevailing 
Direction,  Central  Deserts.  The  .slashes  between  directions  for  Birjand  and  Dal 
Bandin  separate  prevailing  directions  at  the  beginning  and  end  of  the  season. 


The  mean  10,(XX)-,  15,0(X)-,  and  20.(XX)-foot  (3,(XK)-, 
4,6(X)-,  and  6,(XX)-mcter)  MSL  winds  shown  in  Figure 
5-6  reflect  a  predominantly  westerly  flow.  Actual  winds 
vary  from  southwesterly  ahead  of  an  upper-air  trough  to 
northwesterly  behind  it.  On  rare  occasions,  a  cut-off  low 
forms  over  the  Strait  of  Hormuz  and  slowly  moves 
eastward.  Such  times  are  the  only  sustained  occurrences 


of  southerly  winds  ahead  of  (or  northerly  winds  behind) 
the  low.  Formation  of  similar  cut-off  lows  over  and  just 
cast  of  the  Caspian  Sea  will  advect  low-level  cold  air 
south  and  southwest  out  of  Soviet  Central  Asia.  This  is 
the  only  time  during  the  wet  season  when  air  originating 
outside  the  region  strongly  affects  it. 
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PRECIPITATION.  Only  stations  near  the  northern  and 
nortlieastem  mountain  ranges  have  months  in  which 
average  rainfall  exceeds  1  inch  (25  mm).  However,  only 
stations  in  the  extreme  southeast,  near  the  Arabian  Sea, 
have  mean  seasonal  rainfall  amounts  exceeding  1.8 
inches  (46  mm).  Almost  all  precipitation  is  showery. 
Snow  is  unknown  except  over  the  highest  peaks;  the 
snow  line  is  near  7,000  feet  (2,135  meters)  MSL  even 
during  the  coldest  months.  Figure  5-7  gives  mean 
seasonal  (isohyets)  and  selected  station  pecipitation  data. 
Desert  rainfall  is  so  highly  variable  that  means  are  not 


reliable;  one  year  might  .see  numerous  thunderstorms 
and  heavy  precipitation,  while  others  might  have  none. 
Dc.scrt  terrain  shows  the  characteristic  washes  and  dry 
canyons  typical  of  such  an  cnviixinmcnt.  The  salt  basins 
may  temporarily  contain  a  thin  layer  of  water  during  very 
wet  years;  other  areas  may  become  swampy  very  briefly. 
Thunderstorms  occur  on  less  than  1  day  a  month.  When 
they  do  occur,  however,  they  are  especially  hazardous 
because  the  dry  air  is  ideal  for  "downburst"  phenomena 
and  resulting  dusLstorms. 


Figure  5-7.  Mean  Wet  .Season  Monthly/Maximum  24-Hour  Precipitation  (inches),  Central  Deserts.  Isohycts 
repre.scnt  mean  sca.sonal  precipitation. 
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TEMPERATiJRKS.  Mean  maximum  and  minimum 
lemperalMrcs  for  selected  stations  are  shown  in  Figure 


5-8.  Temperatures  show  25  to  35°  F  (14  to  l‘J°  C) 
diurnal  variations. 


Figure  5-8.  Mean  Wet  Season  Daily  Maximum/Minimum  Temperatures  (F),  Central  Deserts. 
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GKNKRAL  WKATHKR.  Dry  season  prccipiuilion  is 
almost  unknown,  (Kcurring  only  at  the  beginning  and 
end  of  the  season  as  widely  isolated  showers  except  in 
the  extreme  south,  where  Southwest  Monsoon  air 
occasionally  pushes  far  enough  inland  to  generate 
isolated  showers.  The  Iranian  heat  low  is  now  well 
established.  A  cut-off  upper-air  low  forms  over  the 
extreme  southern  part  of  the  region  once  every  4  years. 
The  flow  around  its  eastern  and  northern  sides  advects 
Southwest  Monsoon  air  westward  over  the  extreme 
noriheni  parts  of  the  region.  This  is  the  only  time  during 
the  dry  sea.son  when  air  from  outside  the  subregion  has  a 
strong  effect;  isolated  showers  and  thundershowers 


occur  for  up  to  2  weeks.  Sec  "Abnonnai  Southwest 
Monsoon  Flow"  in  the  "Transitory  Synoptic  Features" 
.section.  Chapter  2. 

SKY  COVER.  Cloud  cover  is  cinas  except  for  the  very 
rare  Southwest  Monsoon  flow  around  a  cut-off  low 
mentioned  above.  A  combination  of  afternoon  heating 
and  mon.soon  moisture  rcfiching  inland  from  the  Arabian 
Sea  produces  very  i.solatcd  afternoon 
cumulu.s/cumulonimbus  with  ba.scs  at  2,5(K)  feet  (760 
meters)  AGL  in  the  extreme  .southeast.  Figure  5-9  .shows 
mean  seasonal  cloud  cover  (i.soplcths)  and  frequencies  of 
ceilings  below  3,(KK)  feet  (915  meters)  AGL. 


Figure  5-9.  Mean  Dry  Season  Cloudiness  (isopleths)  and  Frequencies  (tf  Ceilings  Below  .COOO  Feel  (915 
meters),  Central  Deserts. 
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VISIBILITY.  Visibility  is  restricted  wherever  very 
I'inely  grained  sand  or  soil  can  be  easily  |)ieked  up  by 
strong  winds.  At  Panjgur,  15(K)  LST  visibilities  arc 
below  3  miles  12%  of  the  lime.  In  the  great  de.serts,  such 
as  the  Dasht-e-Kavir  and  the  Dashl-e-Lul,  visibilities  are 


lowered  by  sand  or  dust  ha/.c  during  and  aflcr  pericnls  of 
su.slained  wind.  The  "Wind  of  120  Days"  (sec  Chapter  2, 
Regional  Winds)  produces  sustained  winds  aliovc  2.5 
knots,  resulting  in  dust  haze  that  persists  for  .seveial  days. 


Figure  5-10.  Mean  Dry  Season  Frequencies  of  Visibilities  Below  .1  Miles,  Central  Deserts.  The  Ircqucncics 
shown  here  are  means,  and  probably  not  represenuuive  of  extremes  in  open  desert  areas. 
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WINDS.  Mean  dry  season  wind  speeds  are  high  in  ihc 
descit  because  of  die  open  terrain  and  the  |)ersislcnlly 
high  pressure  gradient.  At  Zahedan,  mean  speed 
averages  7-8  knots;  at  Nokkundi,  8-14  knots.  Mean 
directions  at  both  stations  arc  northwesterly  to  northerly, 
with  little  variation.  The  dry  winds  reduce  visibility  in 


dust  and  blowing  .sand.  Tlie  "Wind  of  120  Days"  is  a 
constant  north  or  northwest  wind  with  speeds  often 
exceeding  30  knots;  it  occurs  often  in  the  eastern  portion 
of  the  region.  Spectls  are  lower  at  other  stations,  and 
many  show  a  pronounced  rnounlain/vallcy  breeze. 
Figure  5-1 1  gives  represenutlive  surface  wind  data. 
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Figure  5-11.  Mean  Dry  .Season  Surface  Wind  Speeds  (kts)  and  Prevailing  Direction,  Central  Deserts.  The 
slashes  between  directions  for  Birjand  and  Dal  Bandin  separate  prevailing  directions  at  the  beginning  and  end  of  the 
season. 


Refer  to  Figures  5-6a  &  b  for  mean  10,0(K)-,  I5,(K)0-, 
and  20,000-fotn  (3,000-,  4,600-,  and  6,(K)0-meter)  MSL 
winds,  all  rcllecting  the  effects  of  Southwc.st  Monsoon 
circulation.  The  northeasterly  flow  at  Herat  from  June 
through  August  is  the  result  of  outflow  that  develops 


over  the  thermal  trough  lying  acro.ss  the  region.  This 
flow  is  most  pronounced  at  10,0(X)  feet  (3,050  meters) 
MSL.  It  is  too  dry  to  sustain  precipitation,  unlike  the 
extremely  moist  Southwest  Monsoon  air  that  occurs  with 
a  cut-off  low. 
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PRKClPITATION.  Only  Panjgur  (on  the  Baluchistan 
Plateau)  and  Herat  and  Sabzevar  (in  the  extreme 
northeast)  show  indications  of  receiving  isolated,  heavy 
showers.  Panjgar  has  recorded  24-hour  amounts  of  2.0 
inches  (51  mm)  in  July  and  1.3  inches  (33  mm)  in 


August.  Figure  5-12  gives  mean  seasonal  (isohycls)  and 
selecterl  station  pccipitatiun  data.  Since  rainfall  amounts 
here  vary  so  much  from  year  to  year,  annual  means  arc 
not  reliable. 


Figure  5-12.  Mean  Dry  Season  Monthly/Maximum  24-Hour  Precipitation  (inches)  Central  Deserts.  Isohycls 
represent  mean  seasonal  precipitation. 
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TEMPERATURK.  Mean  high  and  low  temperatures 
for  selected  stations  are  shown  in  Figure  5-13.  Diurnal 


ranges  in  the  desert  arc  from  30  to  35°  F  (1 5  to  19°  C), 
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Chapter  6 

THE  WESTERN  MOUNTAINS 

The  Western  Mountains  region  comprises  a  large  area  of  rugged  mountainous  terrain  that  extends  from  west-central 
Turkey  to  northern  and  southern  Iran.  It  includes  a  small  portion  of  Iraq.  After  dc, scribing  the  area’s  situation  and 
relief,  this  chapter  discusses  "general  weather  conditions"  by  .season.  The  well-known  four  .sca.son.s  of  the 
mid-latitudes  prevail  across  the  entire  Western  Mountains  region. 
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Figure  6-la.  The  Western  iVIfluntains  Region.  The  three  subdivisions  of  the  Western  Mountains  Region  (the 
Anatolian  Plateau,  the  Northern  Iranian  Mountains,  and  the  Zagros  Mountains)  are  shown  here  superimposed  on  a 
map  of  the  entire  SWANEA  region.  The  subdivi.sions  are  shown  in  greater  detail  in  Figures  6-lb-d. 


Figure  6-lb.  The  Anatolian  Plateau. 
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Figure  «»-2l).  More  Climsilulogkal  Summaries  lor  Selected  Slalions.  Weslern  Mounlains. 
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*  -  LESS  THAN  0.05  INCHES  OR  LESS  TUAN  0.5  DAYS 
Finure  6-2c.  More  ClimiitoloKieiil  Siimmiiriefi  for  Selected  Millions.  Western  Mountains. 
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*  =  LESS  THAN  0.05  INCHES  OB  LEES  THAN  0.5  DAYS 


Figure  6- 2d.  More  Climalological  Summarie.s  for  Selected  Stations,  Western  Mountains. 
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(JKOGRAPHY.  As  shown  in  Figure  6  3,  major  Turkmen-Khornsnn  Moiinlains  (in  Iran).  The  Central 
mountain  ranges  in  this  region  include  the  Pontic  Anatolian  Plateau  in  Turkey,  as  well  as  several  large 
Mountains,  the  Taurus  Mountains,  and  the  Armenian  lowland  depressions  in  Iran  (Luke  Urmia  and  Lake 
Highlands  (all  in  Turkey);  and  the  Zagros,  Elburz,  and  Gavkhanch),  are  also  included  in  this  region. 


Figure  6-3.  Major  Ranges  of  the  Western  Mountains. 


BOUNDARIES.  The  Western  Mountains  region  is 
bounded  as  follows: 

On  the  north:  By  a  line  from  the  eastern  tip  of  Izmit 
Bay  in  northwestern  Turkey  eastward  along  the 
l,62()-foot  (.‘i(K)-metcr)  height  contour  to  the 
Turkey-Soviet  border  near  41°  30’  E.  Then  castw;u'd 
along  the  Soviet  border  with  Turkey  and  Iran  to  48°  40’ 
E.  From  there  eastward  along  the  3,28()-foot 
( I  ,()(K)-metcr)  contour  around  the  Caspian  Sea  to  the 
Iran-Soviet  border.  Finally,  along  tbe  Iran-Soviet 
political  boundtu'y  eastward  to  the  Afghanistan  border. 

On  the  we.st:  From  north  to  south  along  (he  southern 
Izmit  Bay  coastline  to  Mudanya,  Turkey,  on  die  southern 
shores  of  Gcmiik  Bay  (40°  23’  N,  28°  53’  F.).  Then  a 
straight  line  from  Mudanya  inland  to  Bursa,  Turkey  (40° 


12’  N,  29°  04’  E)  and  the  3,28()-foot  (l,0()0-mctcr) 
contour,  which  is  followed  southward  around  the  rest  of 
Turkey. 

On  the  south:  Follow  the  3,280-foot  (1,000-mctcr) 
contour  from  Turkey  to  the  Turkcy-Iraq  border  near  37° 
30'  N,  42°  45’  E.  Then  follow  the  1,620-loot 
(500-mctcr)  contour  through  Iraq  to  the  Iraq-Iran  border 
at  35°  N,  46  °E.  Follow  the  Iraq-Iran  border  southeast  to 
47°  I5’E  for  200  NM  before  continuing  eastward  into 
southern  Iran  along  the  656-ldot  (2()0-meter)  contour  to 
Shamil,  Iran  (27°  30’  N,  56°  50’  E), 

On  the  east:  At  Shamil,  the  boundary  switches  Irom 
the  656-loot  (2()()-meter|  contour  to  the  3,280-(oot 
( I  ,()00-meter)  contour,  whicli  is  lollowed  north  around 
the  Kuh-e-Shah  Savaran  (Shah  Savaran  Mountains) 
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northwest  along  the  north  rim  of  the  southern  Zagros, 
and  finally  cast  along  the  southern  edge  of  the  Elburz 
Mountains  to  the  Afghanistan-Iran  border.  The  eastern 
boundary  continues  along  the  Afghanistan-Iran  border 
north  to  the  Soviet  border. 

THE  THREE  SUBREGIONS  DESCRIBED. 
Although  the  Western  Mountains  region  covers  a  va.st 
area,  climate  is  generally  uniform.  "General  Weather"  at 
a  given  location,  however,  is  determined  by  iLs  elevation 
and  specific  location  in  this  complex  terrain.  Chapter  6 
provides  data  for  each  of  the  three  subregions  of  the 
Western  Mountains  (the  Anatolian  Plateau,  the  Northern 
Iranian  Mountains,  and  the  2Uigros  Mountains)  shown  in 
Figures  6-la-d.  The  reason  for  this  three-way  divi.sion 
was  to  make  the  necessary  distinctions  in  mean 
distributions  of  precipitation,  cloud  cover,  and  winds  in 
these  subregions,  the  major  topographic  features  of 
which  are  discussed  in  turn. 

The  Anatolian  Plateau.  The  Anatolian  Plateau  is  an 
arid  steppe  consisting  of  low  weathered  peaks,  rolling 
foothills,  and  wide  plateaus.  It  lies  between  28°  30’  E 
and  39°  E  in  the  Turkish  interior.  It  is  bordered  by  the 
Pontic  Mountains  on  the  north,  the  Acgcim  Coastal 
Mountains  on  the  west,  the  Taurus  Mountains  on  the 
south,  and  the  Anti-Taurus/Armcnian  Highlands  on  the 
cast.  The  plateau  slopes  upward  from  west  to  east. 
Erciyas  Dagi  (38°  32’  N,  35°  27’  E)  is  the  highest  point 
at  12,851  feet  (3,917  meters)  MSL.  Elevation 
differences  between  valley  floors  and  mountain  peaks  are 
as  much  as  7,0(K)  feet  (2,134  meters)  MSL. 

The  Pontic  Mountains  arc  a  series  of  steep,  rugged 
ridges  aligned  west  to  east  along  the  southern  Black 
Sea  coast.  These  granite  and  basalt  structures  are 
ancient  volcanws.  The  northern  slope  rises  rapidly 
from  the  Black  Sea  coast  to  6,5(K)  feet  (1,981  meters) 
or  more.  The  southern  slope  blends  into  the  lower 
foothills  of  the  CenU'al  Anatolian  Plateau.  Elevations 
in  the  Pontic  Range  increase  from  west  to  east. 
Kackar  Dagi  (40°  50’  N,  41°  09’  E)  is  the  highest 
peak  at  12,917  feel  (3,937  meters)  MSL. 

The  Taurus  Mountains  in  southern  Turkey  rim  the 
southern  edge  of  the  Central  Anatolian  Plateau.  These 
upthrust  fault  structures  with  deep  gorges  and 
impassable  snow-capped  ridges  parallel  the 
Mediterranean  coastline  from  29°  to  40  °E. 
Demirkazik  Dagi  (37°  50’  N,  35°  10’  E)  is  the  highest 
peak  at  12,825  feet  (3,909  meters)  MSL. 


The  Anti’Taurus  Mountains  rim  the  eastern  edge  of 
the  Anatolian  Plaleau.  They  comprise  the  Pontic  and 
I'aurus  Mountains  in  cast  central  l  itrkey.  Cilo  Dagi  is 
the  highest  peak  at  13,504  feet  (4,1 16  meters)  MSL. 

The  Armenian  Highlands,  in  extreme  eastern  Turkey 
and  we.stern  Iran,  arc  rugged  tnoutitains  with  deep, 
nuiTOw  valleys.  Most  peaks  average  6,0(X)  feel  (1,829 
meters)  MSL,  but  many  ri.se  above  10, (KX)  feet  (3,050 
meters)  MSL.  The  highest  peak  is  Agri  Dagi-or  Mt 
Ararat  (39°  44’  N,  44°  I5’E),  at  16,853  feet  (5,137 
meters)  MSL. 

The  Northern  Iranian  Mountains  consist  of  the  Elburz 
and  Turkmen- Khorasan  systems. 

The  Elburz  Mountains  comprise  a  series  of  steep, 
narrow,  parallel  ranges  formed  by  faulting  and 
volcanic  activity.  They  parallel  the  .south  end  of  the 
Caspian  Sea  in  Northern  Iran.  Peaks  are 
snow-capped.  Northern  slopes  are  covered  with  thick 
forests;  southern  slopes,  with  dc.scrt  vegetation.  Mt 
Demavend  (35°  47’  N,  52°  04’  E)  at  18,9.34  feet 
(5,771  meters)  MSL  is  not  only  the  highc.st  peak  in 
the  Elburz,  but  in  all  of  Iran. 

The  Turkmen-Khorasan  Mountains  form  an  eastern 
extension  of  the  Elburz  Mountains.  They  c.xtcnd 
eastward  for  4(X)  NM  to  the  Iran-Afghanistan  border. 
The, sc  folded  mountains  have  numerous  parallel  ridge 
lines  that  average  6,(XX)-9,(XX)  feet  (1,829-2,744 
meters)  MSL.  The  highest  peak  is  1 1,205  feet  (3,415 
meters)  MSL.  Highest  elevations  arc  in  the  western 
prut;  the  central  section  transitions  to  a  .series  of 
foothills.  Sand  dunes  and  rolling  hills  are  found  near 
the  Afghanistan  border. 

The  Zagros  Mountains  form  a  rugged  "wishbone¬ 
shaped"  mounurin  chain  that  extends  1,(XX)  NM  from 
northwest  to  southeast  aenrss  western  Iran  to  the  Strait  of 
Hormuz.  Width  averages  150-2(X)  NM.  Terrain  is 
dominated  by  massive  transverse  ridges  with  sheer  ridge 
faces  that  rise  abruptly  from  the  valley  Moor.  Some 
valleys  arc  less  than  5  NM  wide. 

The  northern  JMgros  arc  transverse  ridges  with  large 
rock  faults,  fractures,  and  ancient  volcanoes.  The 
interior  drainage  pattern  is  disorgatiizcd;  rivers  wind 
erratically  through  deep  gorges.  There  are  few  trails, 
passes,  or  roads.  The  highest  point  ( 14,920  fcct/4,548 
meters  M.SL)  is  in  the  Zard  Kuh  Range  near  32°  20’ 
N.  50°  E. 
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Th«  west-central  and  southern  Zagros  form  a  series 
of  parallel  ridges  and  valleys  similar  to  the 
Appalachians,  but  with  larger  and  higher  ridge  crests. 
The  westenimost  ridge  is  the  primary  onc--it  runs 
northwest  to  southeast  from  50  to  54°  E  for  300-350 
NM.  A  narrow,  secondary  ridge  line  pantllels  the 
main  western  ridge  from  51  to  58°  E.  Ne.slled 
between  the  two  ridge  lines  is  a  wide  valley  (the 
Gavkhaneh),  a  dry  salt  pan  50-80  NM  wide. 
Slow-moving  rivers  flow  in  the  widest  sections  of  the 
Gavkhaneh;  some  cut  deep  gorges  into  both  ridge 
lines.  Kuh-c-Dul  is  the  highest  point  on  the  wc.stcm 
ridge  (13,(K)5  feet/3,965  meter.  MSL),  while 
Kuh-c-Lalch  Zar  is  the  highest  peak  in  the  eastern 
ridge  (14,347  feet/4,374  meters  MSL). 

DRAINAGE  AND  RIVER  SYSTEMS.  As  .shown  in 
Figure  6-4,  rivers  flow  north  to  the  Black  and  Caspian 
Seas,  west  to  the  Mediterranean,  east  into  the  ccnbal  Iran 
lowlands,  and  south  to  the  Persian  Gulf. 

Four  major  rivers  in  Turkey  drain  into  the  Black  Sea: 
the  Kizil  Irmak,  the  Yesil  Irmak,  the  Sakarya,  and  the 
Coruh.  The  Kizil  Irmak,  at  715  NM,  i.s  the  longest  river 
in  Turkey.  The  Yesil  Irmak,  the  Sakarya,  and  the  Coruh 
each  average  220  NM  in  length.  Each  river  cuts  a 
narrow,  winding  network  of  canyons  into  the  landscape. 

Many  of  the  rivers  forming  in  the  Elburz  Mountains 
d'-ain  into  the  Caspian  Sea.  Most  are  less  than  100  NM 
long.  Two  of  the  largest  are  the  Sefid  Rud  and  the  Aras. 
The  Sefid  R(mI  forms  in  a  gorge  in  the  western  Elburz,  30 
NM  south-southwest  of  Rasht,  IR  (37°  16’  N,  49°  36’ 
E).  Although  it  is  cnly  60  NM  long,  its  configuration  at 
the  confluence  of  the  Shah  Rud  and  Quizil  Uzun  Rivers 
is  such  that  the  drainage  basin  is  350  NM  in  length. 


The  Aras  River  begins  in  eastern  Turkey  near 
Erzurum  (39°  55’  N,  41°  17’  E)  and  Hows  eastward  for 
667  NM  to  the  Caspian  Sea.  Few  rivers  form  on  the 
southern  slopes  of  the  Elburz,  but  there  arc  numerous  dry 
creek  beds;  most  arc  shallow  and  lack  vcgeUUion. 

Rivers  originating  in  the  Zagros  Mountains  How 
either  into  the  Persian  Gulf  or  into  lakcbeds  and 
marshlands  in  the  Gavkhaneh  Valley;  many  cut  deep 
gorges. 

The  Tigris  and  Euphrates  Rivers  originate  in  the 
.southern  Anti-Taurus  Mountains;  their  numerous 
tributaries  form  an  extensive  drainage  network  that 
eventually  reaches  the  Persian  Gulf.  The  1,1.50-NM 
Tigris  originates  in  southeastern  Turkey.  The  Euphrates, 
1,7(M)  NM  long,  originates  deep  in  the  Central  Anatolian 
Plateau  as  the  Firat  River.  Also  feeding  the  Euphrates  is 
Keban  Lake  (39°  N,  39°  E),  which  drains  three  other 
rivers-the  Kara  Su  (285  nm  long),  the  Murat  (38v)  NM 
long),  and  the  Peri  (1.50  NM  long).  About  25%  of  the 
Euphrates’  length  i.s  in  the  Western  Mountains. 

LAKES  AND  RESERVOIRS.  Salt  lakes  and 
marshlands  dominate  the  Iranian  land, scape-sec  Figure 
6-4.  There  are  several  large  saltwater  lakes  in  the 
wc.stcrn  Elburz,  northern  Zagros,  and  eastern  Armenian 
Highlands.  The  largest  is  Lake  Urmia  in  northwest  Iran, 
which  lies  in  the  Urmia  basin,  a  large  valley  surrounded 
by  the  Armenian  Highlands  to  the  north  and  west,  the 
Zagros  on  the  south,  and  the  Elburz  on  the  cast.  Lake 
Urmia’s  elevation  is  4,(XK)  feet  (1,220  meters)  MSL.  Its 
maximum  depth  is  20  feet  (6  meters).  The  surface  area 
fluctuates  between  1,5(K)  sq  NM  (summer)  and  2,3(K)  sq 
NM  (winter). 
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The  second  largest  lake  in  the  Zagros  is  Lake  Niriz  The  Taurus  Mountains  are  covered  by  scrub  brush, 
(between  500  and  600  sq  NM).  Others  on  the  Anatolian  grasses,  and  olive  and  citrus  trees.  VegeUttion  in  the 
Plateau  include  Lake  Van  (1,430  sq  NM),  Lake  Akschir  higher  elevations  is  similar  to  that  in  the  Pontic  and 
(41  sq  NM),  and  Lake  Burdur  (68  sq  NM).  Lake  Tuz  Elburz  Mountains. 

(630  sq  NM)  is  at  2,950  feet  (899  meters  MSL),  with  a 

maximum  depth  of  1-2  feet  (0.3-0.6  metcrs)-it  has  no  Vegetation  on  the  Central  Anatolian  Plateau  is  typical 
outlet.  of  other  steppes.  Vegetation  is  mostly  grass  and  scrub 

brush.  Oak,  pine,  and  juniper  trees  are  only  found  in  the 
Freshwater  lakes  are  rare.  The  two  largest  (Lake  foothills  and  lower  mountain  slopes.  Cereal  grains  arc 
Bey.sehir  and  Lake  Egridir)  are  in  west-central  Turkey,  cultivated  in  lower  valley  basins. 

Lake  Beysehir,  at  3,660  feet  (1,1 16  meters)  MSL,  covers 

251  .sq  NM.  Lake  Egridir,  at  3,031  feet  (924  meters)  The  Zagros  Mountains  are  covered  by  forests  of  oak, 
MSL  covers  200  sq  NM.  elm,  maple,  and  pi.stachio.  Vegetation  in  valleys  and 

ravines  consists  mostly  of  stands  of  willow  and  poplar. 
The  Hirfarli  Dam  and  Re.servoir  is  about  30  NM  Juniper,  almond,  and  wild  fruit  trees  can  be  found  in  the 
northeast  of  Lake  Tuz.  They  provide  water  for  irrigation  Gavkhanch  Basin.  The  rugged  northern  and  the  southern 

in  west-central  Turkey.  Keban  Dam  forms  Lake  Kcban,  sections  of  the  Zagros  arc  generally  barren  with  patches 

which  drams  into  the  Euphrates  River.  of  gra.ss  and  scrub  brush. 

VEGKTATION,  Vegetation  is  widely  varied.  The  The  Turkmen-Kht)rasiin  MounUiins  arc  covered  by 

north  slopes  of  the  Pontic  and  Elburz  Mountains  up  to  juniper,  stands  o(  oak  and  poplar,  and  grasses.  Valleys 

8,(KK)  feet  (2,439  meters)  MSL  arc  covered  by  thick  arc  planted  in  wheat. 

forests  of  pine,  juniper,  beech,  oak,  and  poplar.  Grasses 

and  licncns  nourish  above  the  trcclinc.  The  highest 

peaks  arc  snow-covered  year-round. 
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GENKRAL  WKATHKR.  Uppcr-lcve!  westerlies 
prevail  in  winter;  migratory  lows  (with  their  associated 
fronts),  upper-level  troughs,  and  u^ailing  high  pressure 
areas  move  steadily  through  tlie  area.  The  average 
frequency  of  passage  is  once  every  4  to  6  days  across 
Turkey,  once  every  3  to  5  days  across  the  northern 
Zagros  Mountains,  and  once  every  5  to  7  days  across  the 
southern  Zagros  Mountains.  Only  during  a  rare 
"blocking"  upper-air  pattern  is  this  progression 
interrupted. 

SKY  COVER.  Cloud  cover  gradually  decreases  from 
west  to  east  across  the  region.  East  of  the  Anatolian 
Plateau,  it  also  decrea.scs  from  north  to  south.  As  might 
be  expected  in  mountainous  terrain,  cloud  cover  and 
cloud  heights  arc  a  function  of  local  terrain  and  winds. 


The  Anatolian  Plateau  and  Northern  Iranian  Mountains 
above  4,(KK)-5,(KK)  feet  ( 1 ,220- 1  meters)  MSL  arc 
usually  in  clouds  during  the  passage  of  a  frontal  or 
low-prc.ssurc  system.  Cloud  bases  rise  further  to  the 
south  and  cast,  reaching  7,()()()-8,()00  feet  (2,133-2,440 
meters)  MSL  in  the  southern  Zagros  Mountains, 
Multilayered  clouds  extend  to  33,(X)0  feet  (10.7  km) 
MSL. 

Figures  6-3a-c  give  mean  cloudiness  and  frequency  of 
ceilings  below  3,000  feet  (913  meters)  AGL  for  selected 
stations  in  the  Anatolian  Plateau,  the  Northern  Iranian 
Mountains,  and  the  Zagros  Mountains,  respectively.  A 
diurnal  curve  in  low  ceilings  is  only  noticeable  at 
.southeastern  Zagros  Mountain  stations. 
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Figure  6-5a.  Mean  Winter  Cloudiness  (isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feel  (915 
meters),  Anatolian  Plateau. 
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Coastal  regions  are  different.  With  strong  onshore 
flow,  either  in  front  of  or  behind  a  surface  low,  cloud 
layers  form  over  ridges  just  onshore  at  1 ,3(X)-2,5(K)  feet 
(460-760  meters)  MSL.  Tops  arc  3,5(K)-5,(XX)  feel 
(915-1,525  meters)  in  the  absence  of  higher  cloud  decks. 

When  there  are  no  frontal  systems,  layered  middle  and 
high  clouds  with  bases  above  10,(XX)  feet  (3,050  meters) 


MSI,  form  over  higher  mountain  ranges  along  and  .south 
of  jet  sU-cam  axes.  They  also  form  along  mountain 
ranges  next  to  coastlines.  Leeward  sides  of  ridges  are 
clear  due  to  the  downslopc  warming. 

Expect  moderate  to  severe  mixed  icing  in  frontal 
system  clouds  from  the  freezing  level  to  20,(XX)  feet  (6. 1 
km),  At  other  times,  look  for  light  to  moderate  icing. 


Figure  6-5b.  Mean  Winter  Cloudiness  (isopleth.s)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Northern  Iranian  Mountains. 
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VISIBILITY.  Winlcr  visibility  is  excellent  except  in  precipiuition  east  of  the  Anatolian  Plateau  is  rcricctcd  in 
clouds  or  precipitation,  and  in  mountain  valleys  where  the  frequency  of  visibilities  below  3  miles.  Figures 
fog  and  local  pollution  are  common.  The  decrease  in  6-6a-c  shov./ frequencies  of  visibilities  below  3  miles. 


Figure  6-6a.  Mean  Winter  Frequencie,s  of  Visibilities  Below  3  Miles,  Anatolian  Plateau. 
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Figure  6*6b.  Mean  Winter  Frequencies  nf  Visibilities  Below  3  Miles,  Northern  Iranian  Mountains. 


Figure  6-6f.  Mean  Winter  Frequencies  of  Visibilities  Below  3  Miles.  Zagros  Mountains. 
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WINDS.  Surface  winds  depend  on  local  Icrrain. 
Locations  that  are  in  or  near  mountain  canyons  or  along 
coasts  show  the  usual  diurnal  variation  associated  with 
mountain/valley  and/or  land/sea  breezes,  while  kKations 
on  plateaus  or  in  open  terrain  reflect  the  mean  westerly 
synoptic  flow. 

Strong  downslope  "foehn"  winds  occur  over  most 
mountain  ranges  when  winds  are  perpendicular  to  the 
ridge  and  the  necessary  stability  conditions  arc  met. 
When  a  strong  migratory  cell  or  lobe  of  the  Asiatic  High 
moves  southwestward  into  Iran,  a  very  strong  foehn,  or 
even  a  "bora,"  blows  down  the  south  slopes  of  the  Elburz 
and  the  southwest  slopes  of  the  central  and  southern 
Zagros  Mountains.  Iranian  meteorologists  say  thc.se 
winds  exceed  50  knots  and  produce  severe  turbulence 
and  wind  shear. 

Individual  surface  wind  summaries  are  shown  in 
Figures  6-7a-c. 

Uppcrdevel  wind  directions  at  10,(XK),  13,000,  and 
20,(X)0  feet  (3,050, 4.575,  and  6,010  meters)  MSL  relicct 
the  prevailing  westerlies  or  southwcsterlics.  Maximtmi 
winds  over  the  highest  peaks  of  the  Western  Mountains 
approach  jet  strettm  speeds  of  above  I(X)  knots. 
Moderate  to  severe  mechanical  turbulence  and  mountain 
waves  occur  under  favorable  conditions  along  and  over 
all  ridges.  Figures  6-8a-f  give  upper-level  wind 
directitms  at  representative  stations  throughout  the 
Western  Mountains. 
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Figure  6>7a.  Mean  Winter  Surface  Wind  Speeds  (kis) 
and  Prevailing  Direction,  Anattdian  Plateau.  Slashes 
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beginning  and  end  of  the  season. 


N  Iranian  Mts 

DEC 

JAfI 

FEB 

NE-SE 

Tabriz 

3.10 

3.80 

3.'40 

S-W 

Pezaiyeh 

1.70 

2.70 

1.90 

NE-SE 

Z  an  ion 

2.40 

2.:'0 

2.F.0 

S-W 

Shrihrud 

1  t  r\ 

-r.  1  V 

A  ^0 

"T.  , 

4.5'; 

SE-SW 

Mashhad 

1.40 

1 .60 

Z.'iO 

W 

Tehran 

3.30 

3 . 4 ' 1 

4.^0 

S 

h.oi 

4.3<: 

4.00 

4,  10 

E 

Van 

3  50 

.'.40 

S 

Ardebil 

5  A,-. 

4.'':0 

.  '  ' 

W 

ijrun  (i‘?f  1 

2.70 

;v  70 

Figure  6-7b.  Mean  Winter  .Surface  Wind  Speeds  tkisl 
and  Prevailing  Direclnm.  Niarthern  Iranian 
Mountains. 


Zagras  Mis 

['f.'.  At.  FfH 

E 

t'Ui-  i  4  H  ’Kr 

.1  '  '  • 

SW  W 

4 1 

W 

[  sf ah^'^• 

SF.  W 

.<).•  J 

•  i  ;  - 

W 

W  N 

\  M  !  .jfi 

'•h-.t  i: 

Figure  6-7e.  Mean  Winter  Surface  Wind  Speeds 
tkisl  and  Pre\ ailing  Direction.  Zagros  Slouniains. 


617 


MOUNTAINS 


December-Fsbruary 


I^ESTERN 


Figure  6-8c.  Mean  Annual  Upper-Level  Wind  Directions  for  Kerman,  Iran. 


Figure  6-8d.  Mean  Annual  Upper-Level  Wind  Directions  for  Mashhad,  Iran. 
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PRECIPITATION.  Precipicuion  decreases  rapidly  (1,070  vneie.s)  MSL  on  the  Anatolian  Plalcaii  and  in  the 
inland  Irom  Uie  shores  of  the  Maliterranean,  Black,  and  Elburz.  Mountains.  Snow  depth  infonnation  in  this 

Caspian  Seas.  The  high  mountains  along  these  water  region  is  fragmentary,  but  while  working  on  the 

sources  receive  considerably  higher  amounts  than  ranges  Ichran-to-Baku  railroad  from  1947.  to  1945,  the  U.S. 
further  inland,  as  shown  by  the  9.6  inch  (244  mm)  Army  Cort)s  of  Engineers  reported  30-  to  40-f(K)t  (9-  to 

isohyet  in  Figures  6-9a-c.  AmounLs  over  the  Northern  12-mctcr)  snow  depths  during  late  winter  at  6,(KK)  feet 

Iranian  Mountains  and  the  ranges  at  the  ca.stem  end  of  (1,830  meters).  Snow  on  the  eastern  Anatolian  Plateau 

the  Anatolian  Plateau  are  undoubtedly  still  higher,  but  and  in  the  Elburz.  Mountains  almost  certainly  reaches  the 

there  is  little  data  available  for  confirmation,  same  depths.  Amounts  decrease  to  2  to  4  feet  (1. 8-2.8 

Precipitation  decrea.ses  eastward  even  in  the  absence  of  meters)  in  the  southern  2^gros  Mountains  north  of  30°  N 

mountain  ranges.  Except  for  the  Zagros  Mountains,  all  3  above  9,000  feet  (2,745  meters), 
months  of  winter  get  roughly  the  .same  amount  of 

precipitation.  Maximum  24-hour  precipitation  amounts  Winter  thunderstorms  in  the  Western  Mountains  are 
vary,  depending  on  frontal  passage  frequency.  There  is  a  rare  except  over  higher  ranges.  The  only  locations  to 

marked  rain  shadow  south  of  the  Elburz  Mountains  along  average  I  thunderstorm  a  month  arc  Torbat  and  Arak 

the  Caspian  Sea  coast  of  Iran  and  cast  of  the  Zagros  during  February,  but  .storms  are  more  frequent  over 

Mountains.  higher  mountain  ranges  with  deep  upper-air  troughs. 

Tops  are  30, (XK)  feet  (9.1  km)  MSL,  with  the  usual 
Winter  precipitation  in  the  mountains  is  usually  in  the  hazards, 
form  of  snow.  The  permanent  snow  line  slopes  upward 

from  about  12,(XX)  feel  M.SL  in  the  Cauca.sus  to  I5,(X)0  Figures  6-9a-c  give  mean  seasonal  (isohycLs), 
feet  at  36°  N.  Winter  snow  occurs  above  3,5(K)  feet  monthly,  and  maximum  24-hour  precipitation. 


Figure  6-9a.  Mean  Winter  Monthly/Maximiim  24-Hniir  Precipitation  (inches).  Anatolian  Plateau. 
Isohycts  represent  mean  seasonal  precipitation  (water  cquivaK  iU), 
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Figure  (>-9b.  Mean  Winter  Monthly/Maximum  24-Hour  Precipitation  (inches),  Northern  Iranian 
Mountains.  Isohyets  represent  mean  seasonal  precipitation  (water  equivalent). 
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TKMPKRATIIRKS.  Temperatures  are  a  function  of 
elevation,  as  shown  in  Figures  6-U)a-c.  Stations  well 
inland  have  a  larger  diurnal  range  as  they  get  further 
from  the  moisture  source.  Erzurum  is  an  example;  its 
mean  minimum  is  9°  F  (-13°  C)  in  .lanuary,  while 


.stations  nearer  the  coast  tuc  l.'i-2()°  F  (8-1 1°  C)  warmer. 
Temperatures  over  higher  elevations  decrease  rapidly, 
becoming  arctic  above  I2,0(X)-I5,(KK)  feet  (3,67()-4,.S7() 
meters).  Wind  chill  can  be  severe  at  higher,  exposed 
l(x;ations. 
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Fieure  6-l()c.  Mean  Winter  Daily  Maximum/Minimum  Temperatures  (F),  Zagros  Mountains. 
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(JENERAlil-  WEATHER.  Spring  Is  the  transition  from 
winter  fronw!  systems  to  the  hot,  dry  weather  of  summer. 
Migratory  systems  decrease  steadily  as  the  storm  track 
shifts  north  and  tJie  .Asiatic  High  disappears.  By  laic 
April,  few  systems  track  all  the  way  through  the  area. 
Cyclogene.sis  in  the  Black  .Sea  still  brings  surface  cold 
fronts  through  Turkey  into  northern  Iran.  By  late  May, 
the  Pakistani  Heat  Low  is  well  established  and  the 
low-level  v.'inds  reflect  the  flow  around  and  into  the 
thermal  trough.  Smaller  thermal  lows  form  in  Iran’s 
interior  and  temporarily  over  the  Anatolian  Plateau. 

SKY  COVER.  As  in  winter,  total  cloud  cover  gradually 
decreases  from  west  to  east  across  the  Western 
Mountains,  and  from  north  to  south  across  the  Elburz  and 
Zagros  Mountains.  Amounts  are  only  slightly  lower  than 
in  winter.  Coverage  and  height  vary  with  terrain. 
Increased  healing  produces  a  slight  increase  in  the 
frequency  of  ceilings  below  3,000  feel  (915  meters) 
across  the  easleni  Anatolian  Plateau  and  the  Elburz 
Mountai.ts  of  Iran.  Generally,  the  Anatolian  Plateau  and 
Northern  Iranian  Mountains  are  in  clouds  above  4,0(K)  to 
5,(XX)  feet  (1 ,220-1,525  meters)  MSL  when  any  frontal  or 
low  pressure  system  is  passing  through;  bases  are 
7,(KK)-H,(K)0  feet  (2,135-2,440  meters)  MSL  in  the 
extreme  southern  Zagros  Mountains,  and  lops  reach 
35,000  feel  (10.7  km)  MSL. 


Coastal  regions  arc  different.  With  strong  onshore 
flow  either  in  front  of  or  behind  a  surface  low,  clouds 
form  over  ridges  immediately  onshore.  Ba.ses  are 

1.500- 2,5(X)  feel  (460-760  meters)  MSL,  with  tops  at 

3.500- 5,000  feel  (915-1,525  meters)  MSL  in  the  absence 
of  higher  cloud  decks. 

In  the  absence  of  frontal  systems,  layered  middle  and 
high  clct'ds  v/ilh  ba.ses  above  10, (XX)  feel  (3,050  meters) 
MSL  occur  over  higher  mountain  ranges;  they  are  found 
along  and  south  of  jet  stream  axes,  and  along  mountain 
ranges  next  to  coastlines.  Leeward  sides  of  ridges  are 
clear  due  to  foehn  winds  with  downslope  warming. 

Moderate  to  severe  mixerl  icing  should  be  expected  in 
frontal  system  clouds  above  the  freezing  level  to  20,0(X) 
feel  (6.1  km)  when  airflow  is  being  lifted  over  ridges. 
Light  to  moderate  in-cloud  icing  occurs  at  other  limes. 

Figures  6-1  la  c  show  mean  total  sky  cover  and 
frequency  of  ceilings  below  3,(XX)  feel  (915  meters)  AGL 
for  .selected  stations.  Most  stations  begin  to  show  a 
diurnal  curve  in  low  ceiling  frequency  due  to  incre,a.scd 
solar  insolation  and  fewer  frontal  systems. 
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Figure  6-l!a.  Mean  Spring  CloudineMi  (isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Anatolian  Plateau. 


Figure  6-1  lb.  Mean  Spring  Cloudiness  (isopleths)  and  Frequencies  of  Ceilings  Belon  3.0(K)  Feel  (915 
meters).  Northern  Iranian  Mountains. 
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Figure  6-1  Ic.  Mean  Spring  Cloudiness  (isoplelhs)  and  Frequencies  of  Ceilings  Relow  3,000  Feet  (915 
meters),  Zagrf>s  Mountains. 
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VISIBIIJTY.  Visibility  is  generally  excellent,  but  can 
be  restricted  in  mountain  valleys  due  to  fog  or  smoke. 
The  decrease  in  precipitation  east  of  the  Anatolian 
Plateau  is  reflected  in  the  low  frequencies  of  visibility 
below  3  miles.  The  higher  frequencies  of  restrictions  in 


the  afternoon  on  the  south  side  of  the  Elburz  and  the  cast 
slopes  of  the  Zagros  reflect  downslojte  winds  that  raise 
dust.  Figures  6-12a-c  provide  frequencies  of  visibility 
below  3  miles  in  all  three  subregions. 
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Figure  6-12b.  Mean  Spring  Frequencies  of  Visibilities  Below  3  Miles,  Northern  Iranian  Mountains. 


Figure  6-l2c.  Mean  Spring  Frequencies  of  V  isibilities  Below  3  Miles.  Zagros  Mimntuins. 
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WINDS.  Surface  winds  reflect  local  terrain.  LcKations 
in  or  near  mountain  canyons  or  along  coasts  will  show 
the  usual  diurnal  variation  associated  with  mountain/ 
valley  and/or  land/sea  breezes.  Locations  on  plateaus  or 
in  open  terrain  reflect  the  mean  westerly  synoptic  flow. 
By  late  May,  winds  over  the  Anatolian  Plateau  become 
northerly,  reflecting  the  onset  of  the  Etesians  of  summer 
(which  see).  Individual  station  summaries  are  shown  in 
Figures  6-13a-c. 
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Figure  6-l.3a.  Mean  Spring  Surface  Wind  Speeds 
(kts)  and  Prevailing  Wind  Direction,  Anatolian 
Plateau. 


Upper-level  wind  directions  at  I0,0(K),  l.'i.tKK),  and 
20.(KK)  feet  (.3,050, 4,575,  and  6,010  mctcrs>  MSL  ixOcct 
the  predominant  westerlies  or  southwcstcrlics. 
Maximum  winds  over  the  highest  peaks  still  approach  jet 
stream  conditions  with  speeds  above  80  knots.  Moderate 
to  .severe  mechanical  turbulence  and  mountain  waves 
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Figure  6-13b.  Mean  Spring  Surface  Wind  Speeds 
(kts)  and  Prevailing  Wind  Direction,  Northern 
Iranian  Mountains.  Slashes  .separating  Kars  and  Van 
wind  directions  indicate  changes  from  March  to  May. 
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<K'cur  under  favorable  conditions  along  and  over  all 
ridges.  By  laic  May,  winds  change  rapidly  toward 
summer  conditions.  Refer  to  Figure  6-8a  l  for 
upper-level  wind  directions  at  representative  stations 
throughiHit  the  region. 
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PRKCIPITATION.  Total  precipiUtlion  decreases  from 
its  winter  maximum;  only  the  northern  Zagros  Mountains 
average  more  than  9.6  inches  (244  mm).  Precipitation 
also  decreases  rapidly  inland  from  the  shores  of  the 
Mediterranean,  Black,  and  Caspian  Seas.  Amounts  over 
some  ranges,  including  the  Northern  Iranian  Mountains 
and  the  eastern  end  of  the  Anatolian  Plateau,  arc 
undoubtedly  higher,  but  there  is  little  observational  data 
to  support  this.  Precipitation  east  of  the  Anatolian 
Plateau  decreases  steadily  to  the  south  and  cast.  The  rain 
shadow  over  the  Anatolian  Plateau  is  shown  by  the 
closed  4.8  inch  (122  mm)  isohyet. 

Maximum  24-hour  precipitation  amounts  vary, 
reflecting  frontal  frequencies  and  increased  heating. 
Hrkilct,  in  the  eastern  Anatolian  Plateau,  has  recorded  a 


maximum  24-hour  precipitation  of  10.6  inches  (270 
mm);  the  exact  rea.son  is  unknown,  but  thunderstorms 
are  su.spected.  Another  marked  rain  shadow  is  present 
south  of  the  Elburx  Mountains.  The  Zagros  Mountains 
act  as  a  "precipitation  island"  compared  to  either  side  of 
that  mountain  complex.  Figures  6-14a-c  give  mean 
seasonal,  monthly,  and  maximum  24-huur  precipitation. 

Precipitation  falls  as  .snow  above  the  steadily  rising 
freezing  level.  The  permanent  snow  line  slopes  upward 
from  near  12,(XK)  feet  MSL  in  the  Caucasus  to  I.S,(KK) 
feet  at  N.  Spring  snows  (Kcur  above  4,.S(K)  feet 
(1,.17()  meters)  MSL  on  the  Anatolian  Plateau  and  in  the 
Elburz  Mountains,  There  is  no  snow  south  of  .12°  N  in 
the  Zagros  Mounurins. 


Figure  6-I4m.  Mean  Spring  Monlhly/Maximum  24-llour  Precipilalion  tinchest,  Analidian  Plateau. 

Isoyels  represent  mean  seasonal  precipitation  iwatci  eqtiisalcnii 
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PRKCIPM'ATION.  Total  precipitation  decreases  from 
its  winter  maximum;  only  the  northern  Zagros  Mountains 
average  more  than  9.6  inches  (244  mm).  Precipitation 
also  decreases  rapidly  inland  from  the  shores  of  the 
Mediterranean,  Black,  and  Caspian  Seas.  Amounts  over 
.some  ranges,  including  the  Northern  Iranian  Mountains 
and  the  eastern  end  of  the  Anatolian  Plateau,  are 
undoubtedly  higher,  but  there  is  little  observational  data 
to  support  this.  Precipitation  cast  of  the  Anatolian 
Platc;iu  decreases  steadily  to  the  south  and  cast.  The  rain 
shadow  over  the  Anatolian  Plateau  >s  shown  by  the 
closed  4.8  inch  (122  mm)  isohyet. 

Maximum  24-hour  precipitation  amounts  vary, 
reflecting  frontal  frequencies  and  increased  heating. 
Erkilct,  in  the  eastern  Anatolian  Plateau,  has  recorded  a 


maximum  24-hour  precipilntion  of  U).6  inches  (270 
mm):  die  exact  reason  is  unknown,  but  thunderstorms 
arc  suspected.  Another  marked  rain  shadow  is  present 
south  of  the  Elburz  Mountains.  The  Zagros  Mountains 
act  us  a  "prccipitiition  island"  compiucd  to  cither  side  of 
that  mountain  complex.  Figures  6-l4a-c  give  mean 
seasonal,  monthly,  and  maximum  24-hour  precipitation. 

Precipitation  falls  as  snow  above  the  steadily  rising 
freezing  level.  The  pertnanent  snow  line  slo|)cs  upward 
from  near  12,(KK)  feet  MSL  in  the  Caucasus  to  l.‘i,(MK) 
feet  at  36°  N.  Spring  snows  occur  above  4,.3(K)  (cct 
(1,370  meters)  MSL  on  the  Anatolian  Plateau:  and  in  the 
Elburz.  MounUtins.  There  is  no  snow  south  of  32°  N  in 
the  Zagros  Mountains. 


Figure  6-14a.  Mean  Spring  Monthly/Maximum  24-Hour  Precipitation  (inches),  Anatolian  Plateau. 

Isoyeis  represent  mean  seasonal  precipitation  (water  equivalent). 
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Fi};ure  6- 14b.  Mean  Spring  Montlil.v/Miiximiim  24-Hnur  Precipitation  (inches),  Northern  Iranian 
Mountains.  Isohyeis  represent  mean  precipitation  (water  equivalent). 


Figure  6-14c.  Mean  Spring  Monlhlv/Maximum  24-Hour  Precipitation  (inches).  Zagros  Mountains. 
Isohyets  represent  mean  seasonal  precipilalion  (water  equivalent). 
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Thunderstorms  increase  dramatically  in  May  over  the 
Anatolian  Plateau  and  the  northern  slopes  of  the  Elburz 
Mountains.  A  slight  increa.se  occurs  over  the  central  and 
northern  Ztigros.  The  Zagros  Mountains  and  the 
southern  slopes  of  the  Elburz  Mountains  have  few 
thunderstorm  days;  frequencies  generally  decicasc  from 
north  to  south.  Thunderstorm  frequencies  arc  probably 
higher  over  'he  higher  Elburz  and  Anatolian  Plateau 


ranges.  Tops  .each  over  4(),()(X)  feet  (12.2  km)  MSL  by 
May  because  of  the  increased  heating.  Severe 
thunderstorms,  with  the  usuiil  hazards,  may  occur  during 
late  spring  if  ail  the  necessary  condition.^,  arc  met.  Such 
thunderstorms  arc  most  common  over  areas  downwind  of 
rirlgcs.  Figures  6-!.Sa-c  give  mean  monthly  thunderstorm 
days. 
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Figure  6- 1 5b.  Mean  Spring  Thunderstorm  Days,  Northern  Iranian  Mountains. 


Figure  6-l5c.  Mean  Spring  rhunderstorm  Days,  Z.agros  Mountains. 
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TKMPKRATIIRKS.  Temperatures  increase  steadily  some  interior  Iranian  stations.  Temperatures  at  higher 

during  tire  spring,  hul  are  still  a  function  of  elevation  elevations  remain  low.  The  freer.ing  level,  while  rising, 

(Figures  6-16a-c).  The  greatest  diurnal  variations  arc  at  is  still  at  12,()(X)-15,(KK)  feet  (3,670-4,570  meters)  by  the 

stations  well  inland,  where  they  are  farther  from  a  end  of  May. 

moisture  souree.  Daily  variations  retich  35^’  F  (20®  C)  at 


Figure  6-16a.  Mean  Spring  Daily  Maximum/IVlinimum  Temperatures  (F),  Anatolian  Plateau. 


THE  WESTERN  MOUNTAINS 

SPRING 


March-May 


Figure  6-16b.  Mean  Spring  Daily  Maxinium/Minimum  Temperatures  (F),  Northern  Iranian  Mountains. 


F'igure  6-l6c.  Mean  Spring  Daily  Maximiim/Minimum  l  emperatures  (F).  Zagros  Mountains. 
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GENERAL  WEATHER.  Summer  is  mainly  fair;  only 
a  few  fronurl  systems  penetrate  the  region. 
Thunderstorms  are  the  primary  weather  producers. 
Along  the  Black  and  Caspian  Seas,  .sea  breezes  and 
orographic  lift  produce  mid-afternoon  thunderstorms.  A 
few  trailing  cold  fronts  reach  the  extreme  northern 
Anatolian  Plateau.  Low-level  winds  reflect  flow  into  the 
thermal  lows  over  Turkey  and  the  high  dc.scrts  of  Iran. 
Etesian  and  "Winds  of  120  Days"  also  occur.  About 
every  4  years,  an  upper-level  "cut-off’  low  forms  in 
southern  Iran  and  advecls  Southwest  Monsoon  moisture 
into  the  eastern  Elburz,  mountains;  in  such  cases, 
thunderstorms  occur  almost  daily  over  the  higher  ridges. 


SKY  COVER.  Summer  cloud  cover  decreases  rapidly 
south  of  the  Black  and  Caspian  Sea  coastlines.  The 
Pontic  and  Elburz.  Mountitins  are  the  limits  for  cloud 


coverage  above  30%.  Low  clouds  occur  less  than  10% 
of  the  time  except  in  the  higher  ranges  and  along  the 
Black  Sea  coast  in  the  afterntwn.  Ceilings  below  3,(MK) 
feel  (915  meters)  have  a  marked  diurnal  variation,  with 
peaks  in  the  afternoon  and  early  evening  (sec  Figures 
6-17a-c).  Much  of  the  cloud  cover  is  middle  and  high 
cloud  produced  by  thunderstorms.  In  the  absence  of 
thunderstorms,  layered  middle  and  high  clouds  with 
bases  above  10,0(X)  feet  (3,05'''  meters)  MSL  (x;cur  over 
the  higher  mountain  ranges.  Leeward  sides  of  ridges  arc 
clear  due  to  downslopc  warming. 

Moderate  to  severe  mixed  icing  occurs  in  and  near 
thunderstorms  above  the  freezing  kvcl  to  25,(XK)  feet 
(7.6  km)  MSL.  Light  to  mixleratc  icing  can  occur  in 
clouds  below  2(),()()()  feet  (6.1  km)  MSL. 


Figure  6-17a.  Mean  Summer  Chmdiness  (isopleths)  anti  Frequencies  of  Ceilings  Below  .3,000  Feet  (915 
meters),  Anatolian  Plateau. 


6. 3  7 


THE  WESTERN  MOUNTAINS 
SUMMER 


June- August 


Finure  6- 1 7b.  Mean  Summer  Cloudiness  (isopleths)  and  Frequencies  of  Ceilings  Bel(>\v  3,000  Feet  (915 
meters),  Northern  Iranian  Mountains. 


Figure  6-l7c.  Mean  Summer  Cloudiness  (isopleths)  and  I  requetuies  of  Ceilings  Heloo  3.000  Feet  (915 
meters),  Zagros  Mountains. 
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VISIBII,!TY.  Visibility  is  excellent  except  at  stations 
bordering  the  Central  Deserts,  where  the  prevailing 
nortlicriy  and  northwesterly  winds  raise  a  pcr.dsicnt  dust 

haze  that  can  lower  visibilities  below  3  miles  in  the 
afternoon.  Mean  summer  frequencies  of  visibilities 
below  3  miles  arc  given  in  Figure  6-1 8a-c. 

V  < 


Figure  6-l8a.  Mean  Summer  Frequencies  (»r  Visibilifies  Heluw  3  Miles,  Anatolian  Plateau. 
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Fi(>ur«  6-l8b.  Mean  Summer  Frequencies  of  Visibilities  Below  3  Miles,  Northern  Iruniun  Mountains. 


Figure  6-18c.  Mean  Summer  Frequencies  of  Visibilities  BeU)«  3  Miles,  Zanros  Mountains. 
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WINDS.  Surface  winds  reflect  the  prevailing  Elesians 
and  "Winds  of  120  Days"  that  blow  into  the  heat  lows 
over  the  interior  deserts  and  plateaus  in  the  absence  </ 
terrain  effects.  Daytime  wind  direction  on  the  Anatolian 
Plateau  can  rellect  the  smaller  heat  low  of  the  central 
Plateau  during  July  and  August.  Stations  in  or  near 
mountain  canyons  or  along  coasts  show  the  usual  diurnal 
variation  associated  with  mountain/valley  and/or  land/sca 
breezes.  Selected  individual  station  summaries  arc 
.shown  in  Figures  6-19a-c. 
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Figure  6-19a.  Mean  Summer  Surface  Wind  Speeds 
(kts)  and  Prevailing  Direction,  Anatolian  Plateau. 


Upper-level  wind  directions  change  at  10, (MX)  feet 
(3,050  meters)  MSL,  reflecting  flow  into  the  thermal 
trough.  Winds  aloft  al.so  reflect  a  complex  interaction 
between  low-level  northerlics,  high-level  westerlies,  and 
intermittent  ridging  into  southern  Iran.  Speeds  arc 
relatively  light  at  I0,(XK),  15,0(K),  and  20,(XK)  feet  (3,050, 
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Figure  6- 19b.  Mean  Summer  Surface  Wind  Speeds 
tkts)  and  Prevailing  Direction,  Northern  Iranian 
Mountains.  Slashes  between  directions  indicate  changes 
from  June  to  August. 
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Figure  6-I9c.  Mean  Summer  Surface  Wind  Speeds 
(kts)  and  Prevailing  Direction,  Zagros  Mountains. 
Slashes  indicate  changes  from  June  to  August. 


4,575,  and  0,010  meters)  MSL.  When  conditions  arc 
right,  moderate  to  severe  turbulence  occurs  along  and 
over  all  ridges  due  to  thermal  heating.  Refer  to  Figures 
6-8a-f  for  upper-level  wind  directions  at  representative 
stations  throughout  the  region. 
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PRECIPITATION.  Precipilalion  along  ihc 

Mediterranean,  Black,  and  Caspian  Sea  coasts  is 
common,  but  less  Irequent  than  in  spring  except  along 
the  northwest  Caspian  Sea  Coast.  Significant 
precipitation  also  occurs  over  Anatolian  Plateau  .stations 
due  to  convective  activity.  The  higher  mountains  in 
northeastern  Turkey  and  northwestern  Iran  receive  in 
excess  of  6.4  inches  (160  mm)  due  to  thunderstorms. 


Precipitation  drops  to  less  than  0.5  inches  (12  mm), 
though,  in  other  areas  of  the  subregion.  Figures  6-2()a-c 
give  mean  seasonal  prccipiUttion  and  selected  station 
mean  monthly  and  maximum  24-hour  precipiLition. 
Precipitation  falls  as  snow  only  alxtve  the  permanent 
snow  line.  This  line  slopes  upward  from  near  12,(X)()  feet 
MSL  in  the  Caucasus  to  1 3,()()()  feet  at  36°  N. 


Figure  6-20a.  Mean  Summer  Montlily/Maximum  24-llour  Precipilalittn  (inches),  Anatolian  Plateau. 

Isohyets  represent  mean  sctisonal  precipitation  (water  equivalent). 
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Fijsure  6-20b.  Meun  Summer  Monthly/Maximum  24-H()ur  Precipitation  (inches),  Northern  Iranian 
Mountains.  IsohycLs  represent  mean  seasonal  precipitation  (water  equivalent). 


Kigure  6-20c.  Mean  Summer  Montlih/Masimiim  24-llonr  rrecipilalion  (iiulies),  Ziinros  Mountains. 
Isohycts  represent  mean  seasonal  preei|’iiation  iwaiereqiiiealenl). 
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Thundcrslomi  frequency  decreases  dramalically 
from  June  to  August,  with  a  peak  on  the  Anatolian 
Plateau  in  June.  Tops  exceetl  40, ()()()  feet  (12.2  km) 


MSL,  with  the  usual  ha/.ards.  Thunderstorms  arc  rare 
south  of  the  Elburz  and  in  the  Zagros  MounUiins. 
Figures  6-2la-c  give  mean  monthly  thunderstorm  days. 


Figure  6-2 la.  Mean  Summer  Thunderstorm  Days,  Anatolian  Plateau. 
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Figure  6-21  b.  Mean  Summer  Thunderstorm  Days,  Northern  Iranian  Mountains. 
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TKMPKRATURKS.  Temperatures  are  still  a  function  do  not  drop  to  32°  F  (0°  C)  until  12, (KX)  feet  (3,670 

of  elevation,  as  shown  in  Figures  6-22a-c.  Diurnal  meters)  MSL  in  northern  areas,  and  until  I5,(KX)  feet 

ranges  are  from  25  to  35°  F  (14-20°  C)  in  the  absence  of  (4,570  meters)  MSL  in  southern  areas, 
diurnal  effects.  Air  temperatures  over  higher  elevations 


Figure  6-22a.  Mean  Summer  Daily  Maximum/Minimum  Temperature.s  (F),  Anatolian  Plateau 
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Pigure  6-22c.  Mean  Summer  Daily  Maximum/Minimiim  I  emperalures  (P).  Zagros  Mountains. 
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GENERAL  WEATHER.  Fmntal  systems  do  not 
routinely  cross  the  Western  Mountains  until  iate  October 
in  the  north,  and  late  November  in  the  south.  The  fronts 
that  do  cross  Uie  sub-region  arc  normally  not  severe  and 
dtm’t  have  strong  temperature  gradients.  Predominantly 
westerly  upper-level  winds  return  in  late  October  to  early 
November.  By  the  end  of  November,  winter  frontal 
frequencies  are  reestablished. 

SKY  COVER.  Cloud  cover  gradually  incrca.ses  from 
east  to  west  and;  east  of  the  Anatolian  Plateau,  from 
south  to  north.  Cloud  cover  and  heights  are  functions  of 
terrain  and  winds.  By  mid-November,  the  Anatolian 
Plateau  and  northern  Iranian  mountains  above 
4,0(K)-5,(KX)  feet  (1,220-1,525  meters)  MSL  are  in  clouds 
when  any  frontal  or  low  pressure  system  is  present. 
Bases  rise  to  7,000-8,000  feet  (2,135-2,440  meters)  MSL 
in  the  extreme  southern  Zagros,  and  tops  reach  35,()(K) 
feet  (10.7  km)  MSL  . 

The  Mediterranean,  Aegean,  and  Black  Sea  Coasts 
have  strong  onshore  flow  either  in  from  of  or  behind  a 


surface  low.  Cloud  layers  form  over  ridges  immediately 
onshore  at  1,500-2,500  feel  (460-760  meters)  MSL. 
Tops  arc  only  3,.5(H)-5,(KH)  feet  (915-1,525  meters)  MSL. 

In  the  absence  of  frontal  systems,  layered  middle  and 
high  clouds  with  bases  above  10,(X/0  feel  (3,050  meters) 
MSL  tKcur  over  higher  mountain  ranges,  along  and 
south  of  jet  stream  axes,  and  inland  of  mountain  ranges 
immediately  along  coastlines.  Leeward  sides  of  ridges 
arc  clear  due  to  downslope  warming. 

Moderate  to  severe  mixed  icing  should  be  expected  in 
frontal  .system  clouds  above  the  freezing  level  to  20,()(K) 
feel  (6.1  km),  with  light  to  moderate  in-cloud  icing  at 
other  limes. 

Figures  6-23a-c  give  mean  total  sky  cover  and 
frequency  of  ceilings  below  3,(XK)  feel  (915  meters)  for 
selected  stations.  Some  diurnal  variations  in  low  ceilings 
occur  at  Anatolian  Plateau  stations. 


Figure  6-23a.  Mean  Fall  Cloudiness  (isoplefhs)  and  Fretiueiuies  of  Ceilings  .3,000  Feel  (91.*! 


meters),  Anatolian  Plateau. 
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FiKure  (i-23b.  Mean  Fall  Cloudiness  (isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Northern  Iranian  Mountains. 
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Figure  6-2.3c.  Mean  Fall  Cloudiness  (isoplellist  and  Frequencies  of  Ceilings  Below  3,000  Feel  (91. 
meters),  Zagros  Mountains. 
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VISIBILITY.  Visibility  is  excellent  except  in 
precipitation  and  at  those  locations  in  mountain  valleys 
where  fog  and  local  pollution  occur.  Figures  6-24a-c 


provide  frequencies  of  visibilities  below  3  miles  across 
the  region. 


Figure  6-24a.  Mean  Fall  Frequencies  of  Visibilities  Below  3  Miles,  Anatolian  Plateau. 
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FiKure  6-24c.  Mean  Fall  Frequencies  nf  Visibilities  Itelow  ^  Miles,  Zanrus  Mountains. 
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WINDS.  Surface  winds  are  sUongly 
influenced  by  terrain.  Locations  in  or  near 
mountain  canyons,  or  along  coasts,  show  the 
usual  diurnal  variation  associated  with 
mountain/valley  and/or  land/sea  brec/es. 
Locations  on  plateaus  or  other  open  terrain 
have  mean  westerly  synoptic  flow.  By  the  end 
of  November,  frontal  winds,  especially 
foehns,  may  reach  35  knots.  Selected 
individual  station  summaries  are  shown  in 
Figures  6-25a-c. 


Upper-level  wind  directions  at  1(),(K)0, 
15,000.  and  20,000  feet  (3,050,  4,575,  and 
6,010  meter!?)  MSL  are  westerly  (310-240°). 

Maximum  winds  over  the  highest  peaks 
approach  jet  stream  conditions;  top  speeds  arc 
above  80  knots.  Moderate  to  severe 
mechanical  turbulence  and  mountain  waves 
occur  under  favorable  conditions  along  and 
over  all  ridges.  Refer  to  Figure  6-9  for 
upper-level  wind  directions  at  repre.sentative 
stations  throughout  the  region. 
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Figure  6-25a.  Mean  Fall  Surface  Wind  Speeds  (kts) 
and  Prevailing  Direction,  Anatolian  Plateau.  Slushes 
indicate  directional  changes  from  September  to  October. 
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Figure  6-25b.  Mean  Fall  Surface  Wind  Speeds  (kts) 
and  Prevailing  Direction,  Northern  Iranian 
Mountains. 
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Figure  6-25c.  Mean  Fall  Surface  Wind  Speeds  (kts) 
and  Pre'ailing  Direction.  Zagros  Mountains. 

The  slash  belwccn  Bakhiaran  directions  indicates  the 
change  between  September  and  November. 
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PRI<XIPITATION.  Precipitation  increases  steadily  as 
the  season  progresses.  This  is  especu  I  •  true,  on  th  • 
Black  Sea  coast  and  the  western  end  of  'he  Caspian  Sea, 
rellecting  onshore  flow  behind  cold  fronts.  Amounts 
over  the  Northern  Iranian  Mountains  and  the  ranges  at 
the  ea.stcm  cm'  of  the  Anatolian  Plateau  are  undoubtedly 
even  higher,  but  there  is  little  data  available  there.  Some 
precipitation  also  occurs  over  the  southern  Zagros  in 
November.  Except  for  the  Zagros,  all  ^  months  receive 
rougiily  the  .same  precipitation  amounts.  Maximum 
24  hour  precipitation  amounts  generally  increase  from 
south  to  north,  most  due  to  increased  ironlal  aciiviiy. 
Amounts  al.so  vary  depending  on  proximity  to  a  moi.sturc 
source;  Shiraz,  for  example,  on  the  Persian  Gulf, 


received  8.2  inches  (210  mm)  in  Novcmlwr.  Figures 
'"'-'^'Sa  c  give  mean  seasonal  prccipilmion  (isohycls)  and 
mean  monthly  and  maximum  24-luHir  precipitation  for 
.selected  stations. 

The  air  is  till  wann  enough  for  rain,  but  precipitation 
above  the  freezing  level  falls  as  snow.  The  permanent 
snow  line  slopes  upward  from  about  I2,(K)(I  feet  MSL  in 
the  Caucasus  to  I5,(KK)  feet  at  16°  N.  By  the  end  of 
November,  snow  falls  above  .1,.5()0  feet  (I,()7()  meters) 
MSL  on  the  Anatolian  Plateau  and  in  the  Elburz. 
Mountains.  The  snow  level  slopes  upward  to  9,(X)0  feet 
(2,7.50  meters)  in  the  .southern  Zagros. 


Figure  6-26a.  Mean  Fall  Monthly/Maximum  24-Hour  Precipitation  (inches),  Anatolian  Plateau. 

fsohycls  represent  mean  seasonal  prccipilalion  (water  ci)uivak'ni ). 
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Figure  6-26b.  Mean  Fall  IMonthly/MaxImuni  24-Hour  Precipitation  (inches),  Northern  Iranian 
Mountains.  Isohyels  represent  mean  seasonal  precipitation  (water  equivalent). 


Figure  6-26c.  Mean  Fall  Monfhly/Maxiniiim  24-Hoor  Precipitation  (inches),  Zagr«)s  Mituntains. 
Isohycts  represent  mean  seasonal  precipitation  (water  equivalent). 
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Tliiindcrslorm  frequencies  decrease  throughoul  Ihc 
period;  by  the  end  of  November,  they  are  almost 
nonexistent.  Thunderstorms  can  (Kcur  over  higher 
mountain  ranges  during  the  passage  of  deep  troughs. 
Tops  decrease  to  30, (KK)  feel  (.9.1  km)  MSL  by 
mid-November  with  the  usual  hazatds.  Severe 
thunderstorms  can  occur  if  the  dynamics  arc  present, 
notably  over  the  southern  Zagix)s  due  to  its  proximity  to 
the  warm  Persian  Gulf  waters;  tops  can  exceed  50,000 


feci  (15  km)  MSL.  Iranian  mclcorologisls  insi.si  (hat 
severe  Scptc.iibcr  thunderstorm  tops  over  the  southern 
Zagros  have  exceeded  65,0tK)  feel  (20  km).  British 
meteorologists  with  experience  in  the  Persian  Gulf  could 
not  confirm  such  heights,  but  have  seen  them  "well  in 
excess  of  15  km."  The  usual  severe  thunderstorm 
hazards  of  turbulence,  downbursts,  and  icing  can  l>c 
pre.scnt.  Figures  6-27a-c  give  mean  monthly 
thunderstorm  days. 
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Figure  6-27b.  Mean  Pali  Thunderstorm  Daj's,  Northern  Iranian  Mountains. 


Figure  6-27c.  Mean  Full  Thunderslorni  Days.  Zagros  Mountains. 
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TKMPKR  ATI  IRKS.  Temperauircs  arc  u  ftinciion  ol 
elevation,  a.s  shown  in  Figures  6-28a-c.  Stations  well 
inland  have  a  large  diurnal  range  due  to  the  reduced 
moisture  availability  and  separation  Trom  the  moderating 
effects  of  the  surrounding  seas.  Temperatures  over 


higher  elevations  decrease  rapidly,  becoming  sub-Arctic 
above  12,tKK)-l5,(KK)  feet  (.3,670-4,570  meters)  MSL  by 
November.  Wind  chill  temperatures  can  lx;  severe  at 
higher  elevations. 


Figure  ti-28a.  Mean  Fall  Daily  Muximum/IVlinimum  Temperatures  (F),  Anatolian  Plateau. 
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Figure  6-28c.  Mean  Fall  Daily  Maximum/IVlinimiini  l  emperaluies  (1).  Zagros  Mountains. 
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Chapter  7 

THE  CASPIAN  SEA  PLAIN 

The  Caspian  Sea  Plain  lies  on  the  southern  shore  ol  the  Caspian  Sea  in  Northern  Iran.  After  describing  the  ureu'.s 
situation  and  relief,  this  chapter  discusses  "general  weather  conditions"  by  season. 
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Figure  7-1,  The  Caspian  Sea  Plain.  "A"  shows  ihe  IcKalion  of  ihc  Caspian  Sea  Plain  with  respect  to  the  entire 
SWANEA  region.  "B"  shows  the  area  in  expanded  detail.  The  white  stars  indicate  upper-air  stations. 
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*  =  LESS  THAN  0.05  INCHES  OR  LESS  THAN  0.5  DAYS 

Fipiure  7-2.  C'limat()l(>i>ic'iil  Summaries  f*)r  An/.ali,  Hahulsar,  and  'i(»rj;an.  Iran. 
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(iF.O(iRAPHY.  The  Caspian  Sea  Plain  is  the  nanow 
sirip  of  land  that  lies  between  the  Elburz  Mountains  and 
the  southern  shore  of  the  Caspian  Sea.  It  extends  inland 
to  the  3,28()-foot  (l,0(X)-meter)  MSL  contour  acro.ss 
northern  Iran.  Its  eastern  and  western  boundaries  are 
formed  by  the  Soviet  and  Iranian  borders.  The  plain  is 
less  than  50  NM  wide,  and  iLs  immediate  shoreline  is  92 
feet  (28  meters)  below  sea  level.  The  Mordab  Lagoon 
(on  the  southwest  comer  of  the  Caspian  Sea,  10  NM 
northwest  of  Rasht)  is  about  20  NM  long  and  5  NM 
wide.  The  Gorgan  Lagoon  (on  the  southeast  comer  of 
the  Caspian  Sea,  20  NM  west  of  Gorgan)  is  45  NM  long 
and  7  NM  wide.  Both  contain  extensive  marshlands.  A 
large  salt  flat,  known  locally  as  the  "Solonchak,"  extends 
50  NM  inland  and  dominates  the  eastern  end  of  the  Plain. 
The  Solonchak  is  bordered  by  the  Rud-e-Atrak  (Atrak 
River)  on  the  north  and  the  Rud-e-Gorgan  (Gorgan 
River)  on  the  south. 

DRAINAGE  AND  RIVER  SYSTEMS.  The  Safid 
Rud,  the  Rud-e-Gorgan  Rud,  and  the  Rud-c- Atrak  are  the 
three  primary  rivers,  all  originating  in  the  Elburz 
Mountains.  The  bO-NM  Safid  Rud  forms  at  the  union  of 
the  Qizil  Uzun  and  Shah  Rud  Rivers.  The  Safid  Rud 
(lows  through  a  deep  gorge  in  the  Elburz  Mountains, 
splitting  into  three  branches  on  the  lowland  plain.  The 
Rud-e-Gorgan  originates  in  the  Ala  Dagh  ridge,  flowing 
westward  150  NM  to  the  Caspian  Sea.  The  Rud-e-Atrak 
is  over  3(X)  NM  long,  with  only  120  NM  of  it  on  the 
Caspian  Sea  Plain.  Part  of  the  river  forms  the  eastern 
USSR/Iran  border.  There  arc  no  lakes  or  reservoirs. 

VECJETATION.  The  subtropical  climate  supports  a 
lush  mixture  of  forests  and  agriculture.  The  Caspian  Sea 
Plain  is  the  most  densely  forested  area  in  Iran.  Found 
here  are  oak,  beech,  elm,  walnut,  ash,  linden,  and 
tamarisk,  as  well  as  groves  of  citrus.  Cash  crops  include 
cotton,  tea,  and  rice. 

CLIMATIC  PECULIARITIES.  The  narrow  Caspian 
Sea  coast,  backed  by  sharply  rising  high  mountains,  has  a 
climatic  regime  that  is  di.slinctly  different  than  any  other 
part  of  the  Near  East  Mountain  region.  The  plain  is 
considered  subtropical-citms  fruits  arc  grown 


commercially  here.  It  is  extremely  narrow;  most  of  it  is 
less  than  5  miles  wide,  and  only  in  the  imincdiatc  areti  of 
Anzali  and  only  in  the  extreme  .southeast  docs  width 
exceed  10  miles.  Extremely  cold  air  is  rare  because  of 
terrain  and  maritime  induences.  The  plain  is  routinely 
exposed  to  moist  onshore  flow  of  Siberian  origin.  That 
air,  however,  flows  south  over  the  Caspian  Sea,  which  is 
ice-free  south  of  about  41°  N.  Heal  and  moisture  arc 
added  to  produce  an  air  mass  similar  to,  but  wanner  than, 
the  Canadian  air  of  the  cenu-al  United  States.  The  plain’s 
unique  situation  and  exposure  results  in  at  least  lour 
climatic  peculiarities. 

First,  the  combination  of  the  narrow  coastal  plain, 
.sharply  ri.sing  mountains,  and  the  Caspian  Sea  re.sull  in  a 
pronounced  land/sea  breeze  enhanced  by  mountain/ 
valley  effects.  In  the  ab.sence  of  significant  synoptic 
flow,  most  common  during  late  spring  and  early  fall, 
these  local  winds  control  the  weather.  NighLs  are  clear 
and  dry  bccau.se  of  the  warm,  dry  land  breeze.  Onshore 
flow  in  late  morning  through  early  evening  brings  in  the 
low  clouds  and  fog  that  formed  over  the  Caspian  Sea 
during  the  night. 

Second,  the  southwesterly  to  westerly  low-  to 
mid-level  winds  ahead  of  lows  and  fronts  dissipate 
clouds  lower  than  2,000  feet  (610  meters)  below  inciui 
mountain  ridge  tops. 

Third,  flow  behind  lows  and  fronts  is  northerly, 
becoming  northeasterly  as  secondary  lows  move 
northeastward  out  of  the  southern  Caspian  sea.  The 
Caucasus  Ranges  just  northwest  of  the  region  effectively 
block  any  low-level  northwesterly  flow.  Strong  onshore 
flow  brings  low  ceilings,  poor  visibilities  and  moderate 
to  heavy  rain. 

Finally,  precipitation  is  orographically  enhanced 
throughout  the  region  except  in  the  extreme  .southeast. 
Coastal  curvature  encourages  convergence  and  enhances 
precipitation  even  more;  the  coast  from  Anzali 
northwestward  for  about  25  miles  is  an  excellent 
example.  Even  with  such  enhancements,  thunderstonns 
are  rare  along  the  immediate  coastal  plain. 
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GENERAL  WEATHER.  Climate  remains  subtropical 
even  in  winter.  The  southern  third  of  the  Caspian  Sea 
never  freezes,  and  is  a  year-round  moderating  influence 
on  temperature.  It  also  serves  as  the  main  moisture 
source.  The  Caspian  Sea  is  a  secondary  cyclogenesis 
region  for  waves  forming  on  cold  fronts  crossing  the 
southern  USSR.  Frontal  passages  occur  every  5  to  8 
days.  Winds  from  any  direction  except  north  through 
east  warm  adiabatically  as  air  flows  down  from  the 
Elburz  Mountains.  Extreme  minimum  temperatures 
occur  with  outbreaks  of  Siberian  air  from  the  northeast. 

SKY  COVER.  Mean  cloudiness  frequency  is  high  as 
shown  by  the  isopleths  in  Figure  7-3.  Although 
frequency  of  ceilings  bclov,  3,(X)0  feet  (915  meters)  is 
also  high,  it  deereases  inland.  All  stations  show  a  diurnal 
variation  in  ceilings.  The  formation  of  secondary  lows  in 
the  southern  Caspian  Sea  produces  the  most  extensive 


cloud  cover,  but  ceilings  arc  below  4,(XX)-5,(X)0  feet 
(1,220-1,530  meters)  only  if  flow  cro,s.ses  the  Caspian 
Sea.  The  worst  ca.se  at  the  western  end  of  the  plain  is 
with  flow  from  020  through  1(K)  degrees,  while  flow 
from  270  through  330  creates  the  worst  conditions  in  the 
eastern  end,  where  ceilings  can  drop  to  5(X)-1,(XX)  feet. 
Ceilings  are  lower  in  the  higher  elevations;  with  onshore 
now,  elevations  above  2,(XX)  feel  (610  meters)  MSL  are 
often  in  cloud. 

Middle  and  high  cloud  layers  with  migratory  systems 
have  bases  at  6,(XX)-8,(XK)  feel  ( 1 ,830-2,440  meters)  MSL 
and  tops  as  high  as  35,0(X)  feel  (10.7  km)  MSL. 
Moderate  mixed  icing  occurs  above  the  freezing  level  to 
20,000  feel  (6.1  km)  MSL.  Freezing  levels  vary  from 
6,0(X)  feel  (1,8(X)  meters)  MSL  in  January  to  I0,(XX)  feet 
(3,050  meters)  MSL  by  late  March. 


Figure  7-3,  Mean  Winter  Cloudiness  (isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915  meters), 
Caspian  Sea  Plain. 
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VISIBILITV.  Visibility  is  directly  celatcd  to  the 
presence  of  low  ceilings,  which  is  determined  by  wind 
direction.  Most  visibilities  below  3  miles  occur  in  fog 


and  precipitation  with  onshore  How  behind  fronts, 
onshore.  This  is  most  apparent  along  die  norluhwesl 
coast  (see  Figure  7-4). 


WINDS.  Ail  .stations  show  dual  mean  wind  directions 
(Figure  7-5)  that  alternate  as  synoptic  systems  move 
through.  There  are  also  pronounced  land/sea  and 
mounuiin/valley  breezes.  Mean  speeds  arc  highest  along 


the  northwest  coast  where  exposure  to  foehn  and 
post-frontal  onshore  winds  (either  of  which  can  exceed 
35  knots)  is  greatest. 
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Figure  7-5.  Mean  Winter  Surface  Wind  Speeds  tkts)  and  Prevailing  Direction, 
Caspian  Sea  Plain.  The  slasncs  separating  wind  directions  at  Balnilsat  and 
Ram.sar  indicate  changes  between  December  and  f-ebniar)'. 
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Upper-level  wind  directions  at  two  nearby  Soviet 
stations  (Lenkoran  and  Gasan-Kul)  show  mean  westerly 
winds  above  5, (XX)  feet  (1,525  meters)  MSL-see  Figures 
7-6a  &  b.  At  Lenkoran,  however,  southwesterly  winds 
slowly  become  more  southerly  as  the  season  passes. 


reflecting  a  lee  side  effect  from  the  Caucasus  and 
northwest  Elburz  Mountains.  Maximum  speeds  arc 
75-100  knots  near  40,000  feet  (12.2  km).  Mean  jet 
stream  location  is  over  central  Iran. 


Figure  7-6a.  Mean  Annual  Wind  Directions,  Lenkoran,  USSR. 


Figure  7-6b.  Mean  Annual  Wind  Directions,  Gasan-Kul,  USSR. 
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PRECIPITATION.  Prccipitalion  is  grealesi  along 
immediate  coasts.  The  highest  amounts  fall  along  the 
northwest  coast  due  to  the  long  overv/ater  fetch  and 
coastal  curvature  that  encourages  convergence.  The 
precipitation  maximum  is  centerexi  on  Anxali  (Figure 
7-7).  The  24-hour  maximum  rainfall  amount.s  occur  with 
the  strongest  synoptic  systems.  Snow  occurs  only  with 


strong  Siberian  outbreaks  and  in  the  immediate  rear  of  a 
developing  low-pressure  center  over  the  southern 
Caspian  Sea;  it  usually  lasts  only  a  day.  None  of  the 
reporting  .stations  have  had  more  than  I  snow  day  in  any 
of  the  3  winter  months.  Thunderstorms  arc  rare, 
occurring  on  I  day  or  less  a  month.  Those  that  do  occur 
are  associated  with  extremely  cold  upper-air  uoiighs. 


Figure  7-7.  Mean  Winter  Monthly/Maximum  24-Hmir  Precipitation  (inches),  Caspian  Sea  Plain.  Isohycls 
represent  mean  seasonal  rainfall. 
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TKMPERATIJRE.  Winters  arc  mild  because  of  the 
■noderating  effects  of  the  warm  Caspian  Sea  water. 
Diurnal  variations  are  less  than  20°  F  (11°  C).  The 
extreme  eastern  portions  of  the  region,  away  from  the 
coast,  are  probably  much  cooler.  Extreme  highs 


occurring  with  strong  pre-frontal  foehns  have  reached 
95°  F  (35°  C).  Minimums  drop  to  10- 1 5°  F  (-9  to  -2°  C) 
with  the  rare  unmodified  Siberian  outbreak.  Isolated 
interior  valley  locations  on  the  northwest  coast  have 
recorded  lows  of  0°  F  (-19°  C)  once  in  the  past  35  years. 


Figure  7-8.  Mean  Winter  Daily  Maximum/Minimum  Temperatures  (F),  Caspian  Sea  Plain. 
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GENRRAL  WEATHER.  The  frequency  of  frontal 
system  and  secondary  low  passage  slowly  decreases  until 
early  April,  when  the  storm  Uack  shifts  north  into  the 
central  USSR.  With  higher  temperatures  and,  after  early 
April,  fewer  synoptic  systems,  a  combination  of  the 
lund/sea  and  mounlain/valley  breeze  becomes 
established;  the  effect  is  most  pronounced  along  the 
western  two-thirds  of  the  coa.st.  All  locations,  but 
especially  those  in  the  west,  see  an  increase  in  low  clouds 
moving  in  off  the  sea.  Areas  east  of  the  Gorgan  .sec  an 
increase  in  afternoon  cumulus  and  stratocumulus. 

SKY  COVER.  Secondary  low  formation  in  the  southern 
Caspian  Sea  is  most  common  in  March  and  early  April. 
As  a  result,  mean  cloud  cover  is  high  and  ceilings  arc 
frequently  below  3, (XX)  feet  (915  meters)  (.see  Figure 
7-9).  Low  ceilings  occur  most  frequently  along  the 
coast,  decreasing  steadily  to  the  east.  Ceilings  below 
4,000  to  5,000  feet  (1,220  to  1,525  meters)  occur  only 
where  the  flow  has  an  overwater  fetch.  Flow  from  020 


through  100  degrees  brings  low  ceilings  into  the  western 
end  of  the  plain,  while  flow  from  270  to  330  brings  low 
ceilings  to  the  eastern  portion.  Ceilings  lower  with 
increasing  elevation;  locations  above  2,(XX)  feet  (610 
meters)  MSL  are  in  cloud  vdth  onshore  flow.  All 
.stations  except  Ramsar  show  a  pronounced  diurnal 
ceiling  variation.  Anzali  has  its  low  ceiling  minimum  in 
the  afternoon  as  the  sea  breeze  is  advected  inland. 
Ramsar  lies  on  a  narrow  coast  next  to  the  Elburz 
mountains  where  any  onshore  How  produces  clouds. 
Eivstem  stations  have  an  afternoon  maximum  with 
increasing  convection. 

Middle  and  high  cloud  layers  with  migratory  systems 
have  bases  from  6,(X)0  to  8, (XX)  feet  MSL  (1,830-2,440 
mcter.s).  Multilayered  clouds  extend  to  35,(XX)  feet  (10.7 
km)  MSL.  Moderate  mixed  icing  occurs  above  the 
freezing  level  to  20, (XX)  feet  (6.1  km)  MSL.  Freezing 
levels  ri.se  from  10,(XX)  feet  (3,050  meters)  .MSL  in 
March  to  14,(XX)  feet  (4,2(X)  mcter.s)  in  May, 


Figure  7-9.  Mean  Spring  Cloudiness  (i.sopleths)  and  Frequencies  of  Ceilings  Helow  3,000  Feet  (915  Meters), 
Caspian  Sea  Plain. 
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VISIBILITY.  Visibility  is  a  function  of  flow;  most 
visibilities  below  3  miles  arc  in  fog  moving  onshore. 
Most  synoptic  onshore  flow  is  in  the  rear  of  migratory 
cyclones  or  during  Siberian  air  outbreaks.  Low  early 


morning  An?,ali  visibilities  result  frcMn  a  combination  of 
synoptic  influences  and  location;  Anzali  is  on  a 
peninsula  between  a  bay  and  the  Caspian  Sea. 
Frequencies  dccrca.se  as  frontal  systems  decrease. 


WINDS.  Surface  winds  show  markedly  dual  directions, 
as  shown  in  Figure  7-11.  Pronounced  land/sca  and 
mountain/valley  breezes,  along  with  the  synoptic  systems 
that  cross  the  area,  arc  responsible.  By  mid-April,  the 
mouniain/vallcy  and  land/sea  breeze  ef  fects  have  become 


the  primary  controls  for  wind  direction.  Anzali  secs  the 
highest  speeds  because  it  is  most  exposed  to  foehns  and 
Siberian  air.  Foehn  and  post-frontal  wind  speeds  can 
exceed  .s.S  knots. 
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_ 
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Figure  7-11.  Mean  Spring  Wind  Speeds  (kts)  and  Pre\ailing  Direction, 
Caspian  Sea  Plain.  The  slash  in  Rasht's  direclion  imlicales  a  eltangc  heiwcen 
March  and  May. 


THE  CASPIAN  SEA  PLAIN 
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Figures  7-6a  &  b  show  that  mean  upper-level  winds  at 
two  nearby  Soviet  stations  (Lenkoran  and  Gasan- Kul)  are 
westerly  above  10, (XX)  feet  (3,050  meters)  MSL.  Winds 
at  both  stations,  however,  also  show  increasing  backing 
at  5.(XX)  and  10,(X)0  feet  (1,525  and  3,050  meters).  By 
late  May,  they  reflect  (1)  Jie  influence  of  the  Caucasus 
and  northwestern  Elburz  Mountains,  and  (2)  flow  into 
the  Iranian  thermal  trough.  The  jet  stream  shifts 
northward  from  central  Iran  into  the  southern  USSR  by 
May.  Wind  speeds  at  40,(X)0  feet  (12.2  km)  MSL  over 
the  Caspian  Sea  Plain  drop  to  about  50  knots  by  late 
May. 


PRECIPITA  riON.  As  shown  in  Figure  7-12, 
precipitation  decreases  toward  summer  minimums.  The 
heaviest  amounts  fall  along  the  northwest  coast,  where 
the  flow  has  the  longest  ovcr-vvaicr  fetch  and  coastal 
curvature  encourages  convergence.  AmounLs  are  also 
heavy  in  the  Elburz  Mountains,  where  moist  air  is  lifted 
over  higher  terrain.  Amounts  decrease  where  the  long 
northerly  overwater  fetch  is  less.  By  May,  the  increases 
in  24-hour  maximum  precipitation  amounts  arc  due  to 
increasing  convection.  Thunderstorms,  however,  arc 
almost  nonexistent,  averaging  tmly  1  day  or  less  a  month. 
Stonns  that  do  occur  are  associated  with  extremely  cold 
upper-air  troughs. 


Figure  7-12,  Mean  Spring  Monthly/Maximum  24-Hour  Precipitation  (inches).  Caspian  Sea  Plain, 
represent  mean  seasonal  rainfall. 


Isohyets 
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TEMPKRATDRR.  Temperaluires  begin  to  increase, 
with  the  greatest  changes  away  from  the  moderating 
influence  of  the  Caspian  Sea.  Diurnal  variations  remain 
low  along  the  coast.  Extreme  eastern  portions  of  the 
region  arc  undoubtedly  warmer,  with  greater  diurnal 


variations.  Extreme  highs  nmge  fn>m  S.*?  to  I0()°  F  (29 
to  37°  C)  along  immediate  coasts  when  synoptic  flow  is 
weak.  Inland  in  the  extreme  southeast,  highs  have 
ratched  1 10°  F  (43°  C)  by  late  May. 


Figure  7-13.  Mean  vSpring  Daily  Maximum/Minimum  Temperatures  (F),  Caspian  Sea  Plain. 
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(lENKRAL  WEATHER.  Summer  is  a  season  of  weak 
synoptic  gradients  and  few  frontal  systems.  LckuI 
influences  (land/sea  breeze,  mountain/valley  breeze,  and 
resulting  local  wind  circulations)  prevail. 

SKY  COVER.  ITie  frequency  of  cloud  cover  and 
ceilings  below  3,00t>  feet  (915  meters)  is  lowest  of  the 
year  (Figure  7-14).  Low-ceiling  frequency  decreases 
.steadily  inland.  All  stations  show  diurnal  ceiling 
variation.  Sea  breeze  penetration  inland  is  determined  by 
the  width  of  the  coast.  For  example,  at  Ram.sar,  which 
lies  at  the  base  of  the  mountains  on  a  narrow  coast,  the 
sea  breeze  produces  an  afternoon  low  ceiling  maximum. 
In  contrast,  An7.ali  is  on  a  relatively  wide  plain  with  the 
mountains  well  inland;  the  sea  breeze  here  results  in  a 
low-ceiling  minimum  in  the  afternoon.  In  the  extreme 


east,  the  .sea  breeze  penetrates  well  inland,  resulting  in 
forced  lift  and  convection.  Ceilings  lower  with 
increasing  elevation.  Ba.sc.s  vary  from  l,5(K)  to  2,5(K) 
feet  (460-760  meters):  tops  in  the  immediate  vicinity  of 
the  shoreline  arc  only  3,5(K)  to  5, (XX)  feet  (1,070-1,525 
meters),  but  isolated  cumulonimbus  inland  can  reach 
40,000  feet  (12.2  km)  MSL. 

Middle  and  high  clouds  are  associated  with  tin 
isolated  cumulonimbus  or  an  occasional  southward  dip  in 
the  jet  stream.  Bases  are  above  15,(KK)  feet  (4,570 
meters)  MSL;  layers  can  extend  as  high  as  35,(KK)  feet 
(10.7  km)  MSL.  Moderate  mixed  icing  occurs  above  the 
freezing  level  to  20,(KX)  feet  (6.1  km)  MSL,  The  freezing 
level  averagi  s  15,(KX)  feet  (4,570  meters). 


Figure  7-14.  Mean  Summer  Cloudiness  (isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Caspian  Sea  Plain. 
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VISIBILITY.  Visibility  improves  with  onshore  flow, 
most  of  which  is  land/sea  breeze  assisted  by  a  weak 
onshore  gradient.  Fr»g  doesn’t  form  until  early  morning, 
and  then  only  on  those  rare  occasions  when  winds  arc 


nciirly  calm.  Other  low  visibilities  arc  in  showers. 
Inland  in  the  southeast,  dust  restricts  afternwm  visibility 
on  rare  occasions. 


Figure  7-15.  Mean  Summer  Frequencies  of  Visibilities  Below  3  Miles,  Caspian  Sea  Plain. 


WINDS.  Surface  winds  show  marked  dual  directions  7-16).  Downslope  winds  from  thunderstorms  over  the 
due  to  land/sea  and  mountain/valley  breezes  (Figure  Elburz  can  exceed  35  knots. 
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Figure  7-16.  Mean  Summer  Surface  Wind  Speeds  (ktsl  and  Prevailing 
Direction,  Caspian  Sea  Plain.  The  slash  between  Rasht's  direeiions  indicates  a 
change  between  June  and  August, 
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As  was  shown  in  Figure  7-6a  &  b,  upper- level  winds 
at  two  nearby  USSR  stations  are  predominantly  westerly 
above  10.000  feet  (3,050  meters)  MSL.  Both  stations 
show  southeasterly  to  northeasterly  winds  at  5,(KX)  and 
lO.(XK)  feet  (1,525  and  3,050  meters),  reflating  a 
complex  combination  of  Caspian  Sea/Caucasus  tmd 
northwestern  Elbunr.  Mountains  iroughing  and  flow  into 
the  Iranian  thermal  trough. 


PRECIPITATION.  Precipitation  is  grccitest  along  the 
immediate  coast  and  Just  inland  over  higher  terrain.  The 


largest  rainfall  amounts  arc  found  along  the  norlhwcsl 
coast  due  to  the  long  over  water  fetch  and  a  coastal 
cuivature  that  encourages  convection.  Increased 
precipitation  extends  eastward  fiom  the  coastline, 
reflecting  advcction  of  moist  air  up  and  over  the  foothills 
of  the  Elburz  Mountains.  The  24-huur  maximum 
precdpitalion  is  due  primarily  to  showers.  Figure  7-17 
shows  mean  .seasonal  (isohyets),  monthly,  and  maximum 
24-hour  precipitation.  Summer  thunderstorms  are  almost 
nonexistent  and  confined  to  the  higher  ranges  of  the 
Elburz. 


Figure  7-17,  Mean  Summer  Monthly/Maximum  24-Kour  Summer  Precipitation  (inches),  Ca.spian  Sea  Plain. 


Isohyets  lepre.senl  mean  seasonal  rainlall. 
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TEMPERATURK.  Summer  is  ihe  warmest  season,  winds,  extreme  highs  reach  95-1  (K)°  F  (.35-.17°  C)  along 
Ihe  Caspian  Sea  moderates  temperatures  and  keeps  immediate  coasLs.  Southeastern  interior  lcm|)crutures 

diurnal  variations  low.  Extreme  eastern  parts  of  the  plain  have  exceeded  1 10^  F  (42°  C).  Lows  have  reached  50° 

are  undoubtedly  much  warmer  than  most  stations  shown  F  (10°  C)  along  immediate  coasts,  but  only  55°  F  (10° 
in  Figure  7-18,  with  greater  diurnal  variation, s-see  the  C)  in  the  .southeast, 
higher  mean  daily  maximums  at  Gorgan.  With  light 


Figure  7-18.  Mean  Summer  Daily  Maximum/Minimum  Temperatures  (F),  Caspian  Sea  Plain. 
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GENERAL  WEATHER.  Hirough  iaie  Ocloner.  most 
clouds  are  eillier  slratocumulus  or  cirrus;  by  the  end  of 
October,  however,  the  stonn  U'ack  shifts  back  to  the 
south.  Cold  fronts  again  reach  the  area:  secondary  low 
cyclogenesis  over  the  Caspian  Sea  resumes.  Frontal 
passage  frequencies  reach  winter  levels  by  the  end  of 
November. 

SKY  COVER.  Fall  cloud  cover  frequency  is  high; 
ceilings  are  frequently  below  3,000  feet  (915  nrioiers) 
(Figure  7-19)  because  the  Caspian  Sea  is  now  warmer 
than  the  air  flowing  across  it.  This  becomes  more 
significant  when  cold  fronts  reach  the  area  and  bring 
onshore  flow  behind  them.  Low-ceiling  frequencies 
remain  highest  along  the  northwest  coast;  the  area  east  of 
Gorgan  is  affected  least.  The  sea  breeze  produces  a 
daytime  low  ceiling  maximum  at  most  locations,  but 
inland  penetration  is  determined  by  the  width  of  the 
coast.  Ramsar,  on  a  narrow  strip  of  coast  at  the  base  of 
the  Elburz  Mountains,  has  an  afternoon  low  ceiling 
maximum.  In  contrast,  Anzali  is  on  a  relatively  wide 
plain;  the  sea  breeze  moves  well  inland,  resulting  in  an 
afternoon  minimum.  Bases  are  1,500  to  2,5(X)  feet 


(460-760  meters);  tops  netir  the  shoreline  arc  3,5(K)  to 
5,(X)0  feet  (1,070-1,530  meters). 

By  November,  secondary  lows  forming  in  the 
southern  Caspian  Sea  produce  extensive  cloud  cover,  but 
ceilings  are  below  4,(K)0'5,0(X)  feet  (1,220-1,525  meters) 
only  when  flow  has  an  overwater  trajectory.  On  the 
western  end  of  the  plain,  low  ceilings  are  most 
pronounced  whi  n  flow  is  from  020  to  100  degrees,  but 
the  eastern  end  sees  most  low  ceilings  when  flow  is  from 
270  to  330  degrees.  Ceilings  lower  with  increasing 
elevation;  stations  above  2,(XX)  feet  (610  meters)  MSL 
are  in  clouds  with  onshore  synoptic  flow. 

Middle  and  high  cloud  layers  associated  with 
migratory  sj  terns  have  bases  from  6,(XK)  to  8,(XX)  feet 
(1,830  to  2,440  meters)  MSL,  extending  as  high  as 
35, (XX)  feet  (10.7  km)  MSL.  Moderate  mixed  icing 
occurs  above  the  fieezing  level  to  20,(XX)  feet  (6. 1  km) 
MSL.  Freezing  levels  drop  from  14,(XX)  feet  (4,2(X) 
meters)  MSL  in  September  to  !0,(XX)  feet  ((3,050  meters) 
in  November. 
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Figure  7-19.  Mean  Fall  Cloudiness  (isoplethsi  and  Frequencies  of  Ceilings  lleluw  3,000  Feit  (915  meters), 
Caspian  Sea  Plain. 
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VISIBILITY.  Visibilily  is  a  function  of  onshore  flow;  secondary  lows.  By  November,  most  onshore  flow  is 

most  visibilities  below  3  miles  are  in  fog  and  behind  migratory  cyclones, 

precipitation  moving  onshore  behind  cold  fronts  and 


Figure  7-20.  Mean  Fall  Frequencies  of  Visibilities  Below  3  Miles,  Caspian  Sea  Plain. 


WINDS.  Surface  winds  show  markedly  dual  directions 
(Figure  7-21)  because  of  .synoptic  sy.stems  and 
pronounced  land/sea  and  mountain/valley  breezes. 


Speeds  arc  highest  on  the  northwest  coast,  which  is  most 
exposed  to  both  foehns  and  Siberian  air.  Foehn  and 
post-fronlal  wind  speeds  can  exceed  35  knots. 
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Figure  7-21.  Mean  Fall  Wind  Speeds  (kts)  and  Prevailing  Direction,  Caspian 
Sea  Plain.  The  slash  between  Anzali's  wind  directions  indicates  the  change 
between  September  and  November. 
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Upper-level  wind  directions  al  iwo  nearby  Soviet 
stations  (Lenkoran  and  Gasan-Kul)  show  a  rapid  return 
to  winds  that  are  predominantly  westerly  above  5.(KK) 
feel  (1,525  meters)  MSL-refer  to  Figure  7-6a  &  b.  Al 
Lenkoran,  upper  winds  return  to  soulhwestei  ly  by 
November,  rellecling  the  lee  side  elTeci  of  How  over  the 
Caucasus  and  northwestern  Elburz  MounUiins.  Mean  jet 
strenm  locations  move  southward  across  the  region  into 
central  Iran  by  late  Novembsir.  Core  speeds  exceed  75 
knots  at  40, (XX)  feet  (12.2  km)  MSL  by  the  end  of 
November. 


PRECIPITATION.  Rainfall  increa.ses  dramatically  in 
the  fall,  producing  the  largest  amounus  of  the  year 
(Figure  7-22).  The  most  rain  falls  along  the  northwest 
coast  due  to  the  long  overwater  fetch  and  a  coastal 
curvature  that  encourages  convection.  Almost  the  entire 
Caspian  Sea  coast  gels  more  than  9.6  inches  (240  mm) 
during  the  fall  .season.  The  24-houi  maximum 
precipitation  reflects  convection  throughout  September 
and  October.  Fall  al.so  has  the  highest  24-hour  maximum 
precipitation  amounts  of  the  year.  The  only 
thunderstorms  arc  over  the  Elburz  Mountains  to  the  south 
of  the  Caspian  Sea  Plain. 


Figure  7-22.  Mean  Fall  Monthly/Maximum  24-Huur  Precipitation  (inches),  Caspian  Sea  Plain.  Isohyels 
represent  mean  seasonal  rainfall. 
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TKMPERATURE.  Temperatures  decrease  slowly  due 
to  the  moderating  influence  of  the  Caspian  Sea  (Figure 
7-23).  Diurnal  variations  are  le.ss  than  20°  F  (11°  C). 
The  extreme  eastern  portions  of  the  area  are  undoubtedly 


colder,  with  greater  diurnal  variations.  Extreme  highs 
arc  90-100°  F  (33-37°  C)  along  the  coast  and  ‘‘0-105°  F 


(3340°  C)  inland. 
November. 


Lows  reach  28°  F  (-2°  t ')  by  mid- 
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Chapter  8 

THE  BLACK  SEA  PLAIN 


The  Black  Sea  Plain  lies  along  the  southern  shore  of  the  Black  Sea  in  Turkey.  After  describing  tlie  area’s  situation 
and  relief,  this  chapter  discusses  "general  weather  conditions"  by  season. 
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Figure  8-la.  The  Black  Sea  Plain. 
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Figure  8-lb.  Climatoiogical  Sunmarie.s  for  .Selected  Stations.  Black  .Sea  Plain. 
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«  S  LESS  THAN  O.OS  IHCQSS  OR  L2SS  TRAM  0.5  DAYS 


Figure  8-lc.  Mure  Climatological  Summaries  for  Selected  Stations,  Black  Sea  Plain. 


8-3 


THE  BLACK  SEA  PLAIN 


SITUATION  AND  RELIEF 


(JKOGRAPHY.  The  Black  Sea  Plain  lies  on  the 
southern  coastal  region  of  the  Black  Sea.  This  narrow 
strip  is  about  750  NM  long  and  only  1  -25  NM  wide.  The 
Pontic  Mountains  parallel  the  coast;  foothills  (average 
elevation  2,0(X)  feet/610  meters)  rise  sharply  within  5 
NM  of  the  shoreline.  The  ridge  line  is  broken  by  long 
river  valleys  in  the  western  portions. 

The  Black  Sea  Plain  boundary  parallels  the  coast  from 
the  Bosporus  Strait  to  the  Turkey/USSR  border  and 
follows  the  border  to  the  1 ,600-foot  (5(X)-meter)  contour. 
It  follows  the  contour  westward  to  31°  09’  N,  where  it 
crosses  the  Sakaya  River  valley  to  the  eastern  tip  of 
Izmut  Bay  and  follows  the  bay’s  northern  .shore 
westward  to  the  Bosporus  Strait. 

DRAINAGE  AND  RIVER  SYSTEMS.  Over  40  small 
rivers  flow  through  the  plain,  mo.st  originating  in  the 
Pontic  Mountains.  The  Sakarya,  the  Filyos,  the  Kizil, 


and  the  Yesil  tire  the  largest  and  most  imporiant.  The 
Sakarya  and  the  Filyos  cut  wide  flood  plains,  while  the 
Kizil  and  the  Yesil  form  vast  deltas  along  the  coastline. 
Cape  Bafra  is  the  headland  formed  by  the  Kizil  River, 
while  Cape  Civa  is  created  by  the  Yesil. 

LAKES  AND  RESERVOIRS.  There  are  no  natural 
lakes  along  the  Black  Sea  Coast,  but  the  Omerli  Dam  has 
created  a  10-  by  11 -NM  man-made  re.servoir  along  the 
Riva  Dere  River.  The  dam  is  a  major  source  of 
hydroelectric  power  for  northwestern  Turkey. 

VEfJETATION.  Mediterranean-type  plants,  such  as 
shrubs,  grasses,  scrub  bushes,  and  isolated  tree  groves, 
grow  west  of  32°  E.  The  low  growth  gives  way  to 
subtropical  forests  (pine,  .spruce,  beech,  oak,  and  elm)  as 
rainfall  increases  east  of  32°  E. 
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GENERAL  WEATHER.  Cloud  cover  and 
precipitation  peak  in  winter.  Cold  IronLs  routinely  move 
southeastward  across  the  plain.  If  they  slow  down, 
cyclogenesis  occurs  over  the  .southwestern  Black  Sea. 
This  normally  occurs  when  a  deep  upper-air  trough  stalls 
over  southeastern  Europe  or  the  eastern  Mediterranean. 
The  only  brettks  in  clouds  and  precipitation  occur  when 
transitory  highs  move  across  Turkey,  bringing  low-level, 
southwesterly  winds.  Frontal  passages  occur  about  every 
4  to  6  days  through  most  of  the  winter. 

SKY  COVER.  Mean  winter  cloud  cover  exceeds  70% 
over  the  plain’s  western  three-quarters;  slightly  less  over 
the  eastern  quarter.  Skies  are  virtually  clear  below  4,(MK) 
feet  (1,200  meters)  with  downslope  winds  coming  from 


the  Pontic  Mountains.  Broken  to  overcast  clouds  with 
bases  from  1 ,0(Ki  to  1 ,5(X)  feet  (.3(K)  to  460  meters)  and 
tops  between  2,500  and  3,500  feet  (760  to  1,065  meters) 
are  common  along  the  immediate  coast.  Thc.se  clouds 
form  close  to  shore  or  move  in  from  the  sea  with  an 
onshore  wind.  The  greatest  low  cloud  frequencies,  shown 
in  Figure  8-2,  roughly  parallel  the  70%  mean  toUd  cloud 
cover  isopleth.  Cloud  cover  varies  little  during  the  day. 
Within  about  3(X)  NM  of  an  upper-level  trough,  clouds 
are  broken  to  overcast  from  4,(XX)  to  5,0(X)  feet  (1,200  to 
1,5(X)  meters)  MSL  with  30,(KX)-foot  (9.1  km)  tops. 
Moderate  mixed  icing  occurs  up  to  20,(KK)  feet  (6.1  km) 
in  these  clouds  above  the  freezing  level,  which  varies 
from  3,500  feet  to  10,000  feet  (1,065  to  3,050  meters) 
MSL. 


Figure  8-2.  Mean  Winter  Ckmdiness  (isupleths)  and  Frequencie.s  of  Ceilings  Below  3,000  Feet  (915  meters). 
Black  .Sea  Plain. 


THE  BLACK  SEA  PLAIN 

WINTER 


Dscember-Febmary 


VISIBILITY.  Winter  visibility  is  generally  good.  The  overwater  fetches.  The  Pontic  Mountains’  steep, 

frequency  of  lowered  visibility  (most  in  rainfall)  .seaward-facing  slopes  are  often  in  cloud, 

decreases  eastward  along  the  coast  due  to  shorter 


WINDS.  All  stations  show  two  preferred  wind 
directions,  most  opposing  one  another.  The  directional 
switch  reflects  high  frontal  passage  frequency  along  the 
coa.st.  Mean  winds  speeds  arc  highest  at  Zonguldak  and 


Sinop.  Moderate  low-level  turbulence  and  wind  shear 
are  common  with  southerly  winds.  Mountain  waves  arc 
possible.  Figure  84  shows  mean  monthly  .surface  wind 
directions  and  speeds  for  selected  stations. 
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Figure  8-4.  Mean  Winter  .Surface  Wind  Speeds  (kts)  and  Prevailing  Direction, 
Black  Sea  Plain.  The  slash  in  the  direction  for  Zonguldak  indicates  a  wind  shift 
between  January  and  February. 


Mean  upper-level  winds  below  20, (KK)  feet  (6.1  km) 
range  between  southerly  and  westerly,  reflecting  a 
tendency  toward  troughing  over  the  easiern 


Mediterranean.  Figures  8-5a  &  b  give  summarized  upper 
winds  lor  Samsun  City.  Turkey,  and  Batuma,  IIS.SR,  the 
two  closest  upper-air  reporting  stations. 
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WINTER 
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Figure  8-5a.  Mean  Annual  Wind  Directions,  Samsun  City,  Turkey, 


Figure  8-5b.  Mean  Annual  Wind  Directions.  Batuma,  USSR. 
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THE  BLACK  SEA  PLAIN 

WINTER 


December-Februa'y 


PRECIPITATION.  Rainfall  averages  from  3  to  5 
inches  (75  to  125  mm)  a  month  throughout  winter,  but  is 
significantly  higher  on  the  extreme  eastern  coast  because 
of  coastal  configuration  and  orographic  lift.  More  than 
19  inches  (480  mm)  falls  here  during  the  .season, 
compared  to  less  than  14  inches  (360  mm)  to  the  west. 
At  isolated  coastal  sites  and  on  the  slopes  of  the  Pontic 
Mountains,  totals  may  be  even  higher.  Snow  is  rare,  but 


is  most  common  in  the  eastern  quartei  due  to  the  short 
overwatcr  fetch.  Maximum  24-hour  precipitation  is  not 
high,  reflecting  tfie  predominance  of  stratiform  clouds. 
Thunderstorms  arc  rare,  inebolu,  for  example,  averages 
one  thunderstorm  in  February  and  less  than  O.fi  in  the 
other  winter  months.  All  other  stations  average  le.ss  tlian 
0.5  thunderstorm  a  month. 


Figure  8-6.  Mean  Winter  Monthly/Maximum  24-liour  Precipitation  (inches),  Black  Sea  Plain.  Isohycts 
represent  mean  seasonal  rainfall. 


TEMPERATURES.  Temperatures  and  their  diurnal  winds  and  foehns.  The  record  winter  high  is  83°  F  (28° 

variations  reflect  the  moderating  influence  of  the  Black  C);  the  record  low,  12°  F  (-1 1°  C), 

Sea.  Temperatures  increa.se  significantly  with  southerly 


Figure  8-7.  Mean  Winter  Dally  Maximum/Minimum  Temperatures  (F),  Black  Sea  Plain. 
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THE  BLACK  SEA  PLAIN 

SPRING 


March-May 


(JKNKRAt  WEATHKR.  Spring  is  the  giiukial 
iransilion  Irorn  winlcr’s  ovcicasi  skies  and  rain  lo 
summer’s  fair  weather.  Low-level  southwesterly  flow 
behind  transitory  highs  lo  the  .soiiLh  provides  the  best 
weather.  Coid  fronts  continue  to  move  inland  from  the 
Black  Sea  during  March  and  April;  secondary 
cyclogencsis  occurs  when  they  move  slowly.  The 
interval  between  frontal  passages  decreases  from  4  to  6 
days  in  March  lo  10  to  14  days  by  mid- May.  By  late 
May,  fronud  activity  has  all  but  stopped  and  the  Etesian 
winds  have  begun. 

SKY  COVER.  Mean  spring  cloud  cover  exceeds  70% 
only  over  the  coa.st  between  Zonguldak  and  Sinop. 
Ceilings  below  3,(K)0  feet  (915  meters)  arc  still  common, 
but  frequency  decreases  gradually.  There  is  a 
pronounced  decrease  in  low  clouds  from  west  to  cast. 


With  southwesterly  or  southerly  low-lcvcl  winds,  there 
arc  few  clouds  below  4,000  feet  (1 ,220  meters)  due  lo  the 
drying  effects  of  downslo|x:  winds.  Broken  U)  ovetcast 
clouds  arc  common  with  onshore  flow;  thc.sc  clouds, 
with  bases  1,000-1,5(K)  feet  (305-460  meters)  and  tops 
2,500-3,500  feet  (760-1,065  meters),  either  move  in  from 
the  sea  or  form  along  the  immediate  coast.  Clouds  have 
night  and  early  morning  maximums,  reflecting  increasing 
on.shorc  flow  in  late  .spring.  Layered  broken  lo  overcast 
clouds  form  v.'ithin  300  NM  of  an  upper-level  trough; 
bases  are  4,000-5,000  (cel  (1,220-1,545  meters)  M.SL 
with  lops  ibrough  30,(X)0  feet  (9.1  km).  Mrxicralc  mixed 
icirtg  is  found  above  the  frec/ing  level,  which  varies 
from  5,000  feet  to  12,000  feel  (1,.545  lo  3,660  meters) 
MSL,  but  can  reach  20,000  feel  (6.1  km).  Figure  8-8 
shows  mean  seasonal  cloud  cover  (isopleths)  and 
frequency  of  ceilings  below  3,(X)0  feel  (915  meters). 


Figure  8-8.  IMean  Spring  Cloudiness  (isopleth.s)  and  Frequencies  t)f  Ceilings  Below  3,000  Feet  (915  meters), 
Black  Sea  Plain. 
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THE  BLACK  SEA  PLAIN 

SPRING  Merch-May 


VISmiLIl’Y.  Visibilities  arc  still  generally  good,  but 
begin  to  deteriorate  along  the  coast  during  the  night  and 
early  morning.  They  are  generally  Ixjtter  eastward  due  to 
the  shorter  overwater  fetches.  Most  low  visibilities  are 


now  due  to  combinations  of  precipitation  and  fog 
advcctcd  onshore.  The  Pontic  Mountain’s  steep  slopes 
are  often  obscured  in  cloud.  Figure  8-9  shows 
frequencies  of  visibilities  less  than  3  miles. 
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Figure  8-9.  Mean  Spring  Frequencies  of  Visibilities  Below  3  Miles,  Black  Sea  Plain. 


WINDS.  All  stations  continue  to  show  two  preferred  but 
opposing  wind  directions,  again  reflecting  frontal 
passage  frequency  along  the  coast  as  well  as  the 
increasing  effects  of  land/sea  and  mountain/vallcy 
breezes.  Mean  wind  speeds  at  Sinop  are  highest  because 
of  its  peninsula*  location.  Moderate  low-ievel  turbulence 


and  wind  shear  are  common  with  .southerly  winds,  and 
mountain  waves  can  occur  with  higher  speeds.  As  was 
shown  in  Figure  8-5,  mean  upper-level  winds  below 
20,000  feet  (6.1  km)  range  from  southwesterly  to 
west-northwesterly. 
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Figure  8-10.  Mean  Spring  Wind  Speeds  (kts)  and  Prevailing  Direction,  Black  Sea  Plain. 
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THE  BLACK  SEA  PLAIN 

SPRING 


March'May 


PRECIPITATION.  Rainfall  decreases  steadily  from  even  higher  al  isolated  coastal  locations  and  on  the 
March  through  May.  The  greatest  accumulations  arc  still  slopes  of  the  Pontic  Mounutins.  Maximum  24-hour 
along  the  extreme  eastern  coast,  where  a  combination  of  precipitation  increases,  reflecting  the  increased  incidence 
terrain  and  convergence  produces  seasonal  rainfall  totals  of  showers.  Figure  8- 1 1  gives  seasonal  (isohyets)  and 
of  more  than  9.6  inches  (244  mm).  Amounts  may  be  monthly  precipitation  data. 


Figure  8-1 1.  Mean  Spring  Monthly/Maximum  24-Hour  Precipitation  (inches),  Black  Sea  Plain.  Isohyets 
represent  mean  seasonal  rainfall. 


Thunderstorm  frequency  increases  as  a  function  of  eastern  coast.  Tops  reach  35, (XX)  to  40, (XK)  feet  (10.7  to 
station  exposure  and  height.  By  May,  thunderstorm  days  12.2  km).  The  usual  hazards  arc  present.  Figure  8-12 
range  from  2  to  4  a  month,  except  along  the  extreme  .shows  mean  spring  thunderstorm  days. 


Figure  8-12.  Mean  Spring  Thunderstorm  Days,  Dlacl'.  Sea  Plain. 


THE  BLACK  SEA  PLAIN 

SPRING 


March'May 


TEMPERATURE.  Temperatures  increase.  The  Black  offshore  winds.  The  record  high  (101°  F/38°  C)  was 
Sea  moderates  temperatures,  especially  with  on, shore  recorded  at  Trabzon, 

winds.  Temperatures  are  significantly  higher  with 


Figure  8-13.  Mean  Spring  Daily  Maximum/Minimum  Temperatures  (F),  Black  Sea  Plain. 


THE  BLACK  SEA  PLAIN 

SUMMER  June-August 


GENERAL  WEATHER.  Summer  has  the  least  cloud 
cover,  and  usually  the  least  precipitation,  of  the  year. 
Only  a  rare  cold  front  moves  southeastward  through  the 
area.  The  Eies*an  winds  partially  override  a  marked 
land/sea  and  mountain/vallcy  breeze  over  the  western 
three-quarters  of  the  coast. 

SKY  COVER.  Mean  .seasonal  cloud  cover  exceeds  50% 
over  the  eastern  quarter,  decreasing  to  slightly  less  than 
40%  over  the  western  half.  Most  cloud  cover  is  a 
combination  of  marine  low  cloud  and  cirrus.  Broken  to 
overcast  low  clouds  with  bases  1,000-1,500  feet 
(305-460  meters)  and  lops  2,500-3,500  feet  (760-1,065 
meters)  occasionally  form  close  to  the  shore, 
occasionally  moving  onshore.  The  greatest  low-cloud 


frequencies  are  in  the  western  quarter.  With  rare 
.southwesterly  or  southerly  low  level  winds,  skies  arc 
clear.  Diurnal  variation  is  greatest  in  summer,  with  a 
slight  incrca.se  in  cloud  cover  at  night  and  in  the  early 
morning. 

Once  or  twice  a  month,  layered  broken  to  overcast 
clouds  from  4,(XX)-5,(XX)  feet  (1,220  to  1,545  meters) 
MSL  through  30,0(X)  feet  (9.1km)  form  within  3(X)  NM 
of  an  upper-level  trough.  Moderate  mixed  icing  above 
the  freezing  level,  which  varies  from  7,5(X)  feet  to  12,(XX) 
feet  (2,3(X)  to  3,7(X)  meters)  MSL,  up  to  20, (XX)  feet  (6,1 
km)  occurs  in  the  trough’s  cloud  cover.  Figure  8-14 
shows  mean  seasonal  cloud  cover  (isopleths)  and 
frequency  of  ceilings  below  3,(XX)  feet  (915  meters). 


Figure  8-14.  Mean  Summer  Cloudine.ss  (isopleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Black  Sea  Plain. 
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THE  BLACK  SEA  PLAIN 

SUMMER 


June- August 


VISIBILITY.  Visibilities  are  excellent.  Portions  of  the  move  on.shorc.  Figure  8-15  gives  frequencies  of 

Pontic  Mountains  are  obscured  in  cloud  when  low  clouds  visibilities  less  than  3  miles. 


Figure  8-15.  Mean  Summer  Frequencies  of  Visibilities  Below  3  Miles,  Black  Sea  Plain. 


WINDS.  The  Etesian  wind,  along  with  mouniain/valley 
and  land/sea  breezes,  controls  preferred  wind  directions, 
which  are  about  90®  apart.  Speeds  at  exposed  coastal 
locations  are  strong.  Moderate  low-level  turbulence  and 
wind  shear  are  common  with  the  rare  southerly  wind. 


Figure  8-16  shows  selected  .station  mean  monthly  surface 
wind  directions  and  speeds.  Mean  upper-level  winds 
below  20,000  feet  (6.1  km)  range  from  westerly  to 
nortlierly,  reflecting  southerly  flow  into  the  heat  lows  of 
Asia  and  Africa-refer  to  Figure  8-5. 
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Figure  8-16.  Mean  Summer  Surface  Wind  Speeds  (kts)  and  Prevailing 
Direction,  Black  Sea  Plain. 
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PRECIPITATION.  Summer  rainfall  totals  are  high,  8-17  gives  seasonal  (isohyets)  and  monthly  precipitation 
especially  in  the  east.  Maximum  24-hour  precipitation  data, 
reflects  the  fact  that  most  rain  falls  as  showers.  Figure 


Figure  8-17.  Mean  Summer  Monthly/Maximum  24-Hnur  Precipitation  (inche.s),  Black  Sea  Plain.  Isohyets 
represent  mean  seasonal  rainfall. 


A  thunderstorm  occurs  along  the  immediate  coast  (12.2  to  13.7  km)  MSL.  Isolated  cells  drifting  off  the 
once  every  10  to  15  days,  but  much  more  often  over  the  mountains  may  become  severe.  Figure  8-18  gives  mean 
Pontic  Mountains.  Tops  reach  40,000  to  45,000  feet  summer  ihunderstorm  days. 


Figure  8-18.  Mean  Summer  Thunderstorm  Days,  Black  Sea  Plain. 
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THE  BLACK  SEA  PLAIN 

SUMMER 
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TKMPKRATIIRK.  Allhough  icmperaliires  are  highest  gives  mean  maximum  and  minimum  tcmpcraluics  lor 
of  the  year,  the  Black  Sea  continues  to  moderate  both  selected  stations.  The  record  high  (105°  F/41°  C)  was 

temperature  and  its  diurnal  range.  Downslope  winds  recorded  at  Zonguldak. 

yield  significantly  higher  temperatures.  Figure  8-19 


Figure  8-19.  Mean  Summer  Daily  Maximum/Minimum  Temperatures  (F),  Black  Sea  Plain. 
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THE  BLACK  SEA  PLAIN 

FALL 


September-November 


OENERAL  WEATHER.  Cloud  cover  and 
precipitation  increase  as  cold  fronts  resume  their  routine 
southeastward  movement.  If  they  slow  while  over  the 
Black  Sea  (normally  due  to  a  deep  upper-air  trough  over 
southeastern  Europe  or  the  eastern  Mediterranean), 
secondary  low  cyclogenesis  occurs  over  the  southwe.stem 
Black  Sea.  By  November,  only  low-level  south  westerly 
flow  behind  Uansitory  highs  provides  breaks  ,n  clouds 
and  precipitation.  Frontal  passages  roach  their  winter 
average  of  one  every  4  to  6  days  by  mid-November. 

SKY  COVER.  Mean  sea.sonal  cloud  cover  exceeds 
over  the  entire  coast,  reaching  slightly  more  than  70% 
over  the  extreme  eastern  coast.  With  southwesterly  or 
southerly  low-level  winds,  skies  are  clear  below  4,000 


feet  (1,220  meters)  due  to  downslope  winds  over  the 
Pontic  Mountains.  Broken  to  overcast  clouds  with  bases 
from  1,000  to  1,500  feet  (300  to  460  meters)  and  tops 
between  2,500  and  3,500  feet  (760  to  1,1(X)  meters)  form 
close  to  shore  with  onshore  low-level  winds.  The 
greatest  low  cloud  frequencies  are  in  the  west.  Diurnal 
variations  become  smaller.  Layered  broken  to  overcast 
clouds  occur  from  4,000  to  5,000  feet  (1,200  to  l  ,5(K) 
meters)  MSL  up  through  30,(XK)  feet  (9.1  km)  within  3(K) 
NM  of  an  upper-level  trough.  Moderate  mixed  icing 
occurs  in  these  clouds  above  the  freezing  level,  which 
varies  from  6,(XK)  feet  (1 ,8(X)  meters)  MSL  to  20,(XX)  feet 
(6.1  km).  Figure  8-20  gives  mean  seasonal  cloud  cover 
(isopicths)  and  selected  station  percent  frequency  of  low 
ceilings. 


Figure  8-20.  Mean  Fall  Cloudiness  (isnpleths)  and  Frequencies  of  Ceilings  Below  3,000  Feet  (915 
meters),  Black  Sea  Plain. 
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THE  BLACK  SEA  PLAIN 

FALL 
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VISIBII.5TY.  Visibilities  are  still  excellent,  hut  obscured  when  cloud;  move  onshore.  Figure  8-21 

the  coastal  slopes  of  the  Pontic  Mountains  may  be  gives  frequencies  of  visibilities  less  than  3  miles. 


WINDS.  All  stations  show  two  preferred 
directions,  most  close  to  135°  apart.  This  reflects 
increasing  frontal  passage  frequency  along  the 
coast  and  the  influence  (still  strong)  of  land/sea  and 
mountain/valley  breezes.  Speeds  decrease  slightly 
from  summer.  In  November,  moderate  low-level 
turbulence  and  wind  shear  are  common  with 


southerly  winds  aheai,'  of  frontal  systems.  Figure 
8-22  shows  mean  monthly  surface  wind  directions 
and  speeds.  Mean  upp.'.r-level  winds  below  2(),(KK) 
feet  (6.1  km)  arc  predominantly  westerly, 
reflecting  the  slow  reestablishment  of  the  Black 
Sea  storm  U'ack-refer  to  Figure  8-5. 
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Figure  8-22.  Mean  Fall  Surface  Wind  Speeds  (kts)  and  Prevailing  Direction,  Block  Sea  Plain. 
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PRFX’IPITATION.  Rainfall  increases,  especially  in  the 
extreme  east,  where  the  year’s  highest  accumulations 
(more  than  29  inches/735  mm)  occur.  A  combination  of 
increased  onshore  flow,  still  active  convection,  and 
rapidly  rising  terrain  is  responsible.  Isolated  coastal 
locations  and  the  slopes  of  the  Pontic  Mountains  may 
receive  even  higher  amounts.  Decreasing  maximum 
24-hour  precipitation  reflects  the  decreasing  occurrence 


of  shower  activity.  Figure  8-23  gives  sca.sonal  (isohyet.s) 
and  monthly  precipitation  data. 

As  shown  in  Figure  8-24,  thunderstorm  occurrence 
decreases  steadily.  Tops  lower  to  30,(K)0  feet  (9.1  km) 
by  late  November,  but  the  normal  hazards  ive  still 
present. 


Figure  8-23.  Mean  Fall  Monthly/Maximum  24-Hour  Precipitation  (inche.s),  Black  Sea  Plain.  Isohyets 
repre.sent  mean  .seasonal  rainfall. 
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THE  BLACK  SEA  PLAIN 

FALL 


September-November 


TEMPERATURE.  Tempcraiures  decrease  steadily 
toward  winter  minimums.  The  Black  Sea  still  moderates 
temperature  extremes  and  diurnal  ranges.  Temperatures 
are  significantly  higher  with  southerly  winds  and  foehns. 


Figure  8-25  gives  mean  maximum  and  minimum 
temperatures  for  .selected  stations.  The  record  high 
96°  F  (35°  C).  The  record  low  for  September  is  44° 
(6°  C):  for  November,  22°  F  (-5°  C). 
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